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GENERAL INTRODUCTION 
Bacter ia l  pus tu le  o f  soybeans (G1vc i  ne max L .  )  i s  a 
common warm weather  d isease found in  most  soybean growing 
reg ions .  The pathogen i s  Xanthomonas phaseo l i  (E .  F .  Smi th)  
Dawson var .  so . iens l  s  (Hedges)  S tar r  and Burkho lder  (Xps) .  
The d isease i s  charac ter ized by  smal l  ye l low- to-brown 
les ions  w i th  a  ra ised pustu le  in  the center .  The les ions  
are  res t r ic ted  to  the  leaves.  Modera te  y ie ld  losses due to  
bac ter ia l  pus tu le  have been repor ted (16,  30)  bu t  the  
d isease i s  on ly  severe  under  ho t  humid  cond i t ions .  
Cont ro l  o f  bac ter ia l  pus tu le  invo lves  the  use o f  
res is tan t  cu l t i vars  and cu l tu ra l  methods wh ich  decrease 
d isease deve lopment .  The most  impor tant  cont ro l  method i s  
the  incorpora t ion  o f  res is tance in to  soybean cu l t i vars .  
Res is tance i s  cond i t ioned by  a  s ing le  recess ive  gene 
o r ig ina l ly  found in  the cu l t i var  CNS (12 ,  17) .  Th is  
res is tance gene,  des ignated rxp  (2 ) ,  impar ts  a  h igh  leve l  o f  
res is tance and has endured fo r  over  30 years  in  sp i te  o f  the  
fac t  tha t  i t  has been incorpora ted in to  most  soybean 
cu l t i vars  grown in  the cent ra l  and southern  USA (2 ) .  L i t t le  
is  known about  the  mechan ism o f  res is tance assoc ia ted w i th  
the  rxp  gene.  The ob jec t ive  o f  s tud ies  repor ted in  the 
f i rs t  sec t ion  o f  th is  d isser ta t ion  was to  charac ter ize  th is  
res is tance response by  compar ing  growth  k ine t ics  o f  Xps in  
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res is tant  and suscept ib le  p lan ts .  An examinat ion  was made 
o f  the  ab i l i t y  o f  Xps to  grow in  the leaves o f  res is tant  and 
suscept ib le  p lan ts ,  in fec t iv i ty  t i t ra t ions  were car r ied  out  
to  quant i fy  the  res is tance response and les ion  deve lopment  
was s tud ied h is to log ica l ly .  
D isease management  p rograms must  be  based on a  sound 
unders tand ing o f  where  the  pr imary  inocu lum comes f rom, ,  how 
the  pathogen es tab l ishes in  the crop canopy and how i t  is  
d ispersed.  Much o f  the  pub l ished research concern ing the  
bac ter ia l  pus tu le  d isease has been conducted in  e i ther  the  
southern  USA o r  in  the  t rop ics  (13,  15 ,  18 ,  23) .  Th is  
in format ion  may no t  be  d i rec t ly  app l icab le  to  midwest  
env i ronmenta l  cond i t ions .  The ob jec t ive  o f  sec t ion  I I  of  
th is  d isser ta t ion  was to  prov ide ep idemio log ica l  in format ion  
which  can be used to  deve lop e f fec t ive  d isease management  
p rograms in  the Midwest .  Exper iments  were  conducted to  
determine the  fac tors  wh ich  in f luence the  in i t ia t ion ,  
deve lopment  and spread o f  bac ter ia l  pus tu le  under  Midwestern  
env i ronmenta l  cond i t ions .  
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LITERATURE REVIEW 
Bacter ia l  pus tu le  was f i rs t  descr ibed by  Hedges (18)  in  
1922.  The d isease i s  severe  on ly  under  ho t ,  mois t  
cond i t ions  tha t  occur  most  cons is tent ly  in  the  south  and the  
t rop ics  (23) .  In  the  southern  USA y ie ld  losses o f  8  and 11% 
have been repor ted (16)  and,  as  a  resu l t ,  res is tance has 
been incorpora ted in to  near ly  a l l  soybean cu l t i vars  used in  
the  south .  However ,  in  the  midwest ,  y ie ld  losses are  
e r ra t ic .  Weber  e t  a l .  (30)  repor ted y ie ld  losses o f  4 .4% 
wh i le  Lav io le t te  e t  a l .  (21)  repor ted no s ign i f i cant  y ie ld  
reduct ion  even under  severe  d isease cond i t ions .  
Consequent ly ,  res is tance i s  not  cons is tent ly  incorpora ted 
in to  cu l t i vars  grown in  the  midwest .  
Other  cont ro l  methods have been s tud ied.  Seed t rea tment  
w i th  a  fung ic ide  was used in  an a t tempt  to  reduce seedborne 
Inocu lum but  the  t rea tment  was no t  e f fec t ive  (15) .  Lehman 
(24)  found tha t  s ix  app l ica t ions  o f  7% copper  dus t  reduced 
in fec t ion  o f  soybeans by  about  50%.  
The pathogen has been repor ted to  be ab le  to  overwin ter  
In  p lan t  debr is  (13 ,  15 ,  23)  bu t  a l l  o f  these s tud ies  were  
conducted in  the  south  where  env i ronmenta l  cond i t ions  are  
mi lder  in  the w in ter .  A lso ,  Xps has been detec ted on seeds 
(13 ,  15)  bu t  on ly  f rom p lan ts  heav i ly  in fec ted wi th  
bac ter ia l  pus tu le .  The bac ter ia  appeared to  be in terna l ly  
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borne in  the seeds s ince they  were  detec ted a f te r  sur face 
s ter i l i za t ion  (13) .  The techn iques used to  detec t  Xps in  
these s tud ies  invo lved the  inocu la t ion  o f  suscept ib le  p lan ts  
w i th  e i ther  ground p lan t  debr is  or  wash ings f rom seeds 
thought  to  conta in  Xps.  These methods are  qua l i ta t ive  in  
nature ,  no t  very  sens i t i ve  and usua l ly  fa i l  to  detec t  the  
pathogen when i t s  numbers  a re  smal l  (25) .  In  add i t ion ,  the  
o ther  microorgan isms present  o f ten  in ter fe re  wi th  the  
in fec t ion  process (25) .  These compl ica t ing  fac tors  may g ive  
the  impress ion tha t  Xps i s  not  p resent  when i t  ac tua l ly  i s .  
A ma jor i ty  o f  these ep idemio log ica l  s tud ies  (15,  23)  
were  car r ied  out  be fore  the  ex is tence and impor tance o f  
ep iphy t ic  or  res ident  (22)  popu la t ions  o f  pa thogen ic  
bac ter ia  were  c lear ly  es tab l ished.  I t  is  now known tha t  
res ident  popu la t ions  p lay  impor tant  and o f ten  c r i t i ca l  ro le  
in  pathogen es tab l ishment  and surv iva l  in  the  crop canopy.  
They a lso  ac t  as  a  source o f  inocu lum fo r  d ispersa l  o f  the  
pathogen and in fec t ion  o f  p lan ts  (6 ,  8 ,  14 ,  22 ,  27) .  
Growth  K inet ics .  The major  reasons fo r  s tudy ing 
pathogen popu la t ion  dynamics  a re  to  examine how res is tance 
i s  expressed,  to  measure  the  leve l  o f  res is tance in  a p lan t  
or  to  measure  the  v i ru lence o f^a  pathogen.  Bacter ia -p lan t  
in terac t ions  have been grouped in to  th ree genera l  ca tegor ies  
(24,  33) .  The ca tegor ies  are :  1 )  the  compat ib le  response 
assoc ia ted w i th  a  suscept ib le  host  and phytopathogen ic  
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bacter ia ,  2)  the  res is tance response between a  res is tant  or  
incompat ib le  p lan t  and phy topathogen ic  bac ter ia  and 3)  the  
reac t ion  o f  p lan ts  to  saprophyt ic  bac ter ia .  
In  the  compat ib le  reac t ion ,  p lan t  pathogen ic  bac ter ia  
mul t ip ly  rap id ly  w i th in  the  host  t i ssue dur ing  the  log  phase 
and reach h igh  popu la t ions  (1 ,  7 ,  26,  33) .  Doub l ing  t imes 
( t ime requ i red to  doub le  the  popu la t ion)  are  usua l ly  shor t  
(2 -6  hrs )  (7 ) .  F ina l ly ,  the  host  exh ib i ts  typ ica l  symptoms 
o f  the  d isease.  
Most  res is tance responses fa l l  in to  one o f  two poss ib le  
ca tegor ies .  In  the  hypersens i t i ve  response,  bac ter ia  
mul t ip ly  rap id ly  fo r  a  shor t  per iod  but  then s top and 
popu la t ion  leve ls  remain  lower  than those in  the compat ib le  
in terac t ion  (20) .  The t i ssue in  which  the  bacter ia  are  
mul t ip ly ing  usua l ly  d ies  and co l lapses (20)  leav ing a  
v is ib le  necro t ic  reg ion.  I t  is  now be l ieved tha t  these 
la rge necro t ic  reg ions  are  on ly  assoc ia ted w i th  a r t i f i c ia l l y  
h igh concent ra t ions  o f  phy topathogen ic  bac ter ia  (11,  29) .  
In  more recent  s tud ies .  Turner  and Novacky (29)  and 
Essenberg  e t  a l .  (11)  found tha t  the  hypersens i t i ve  response 
occurs  a t  the  ce l lu la r  leve l  fo l lowing inocu la t ion  w i th  
smal l  numbers  o f  bac ter ia .  They a lso  observed tha t  there  1s  
a  l inear  re la t ion  between the  number  o f  phy topathogen ic  
bac ter ia  in  the inocu lum and the  number  o f  dead hos t  ce l ls  
in  tJ ie  inocu la ted t i ssue.  
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Resis tance can a lso  be expressed as  a  reduct ion  In  
pathogen growth  ra te .  Under  these cond i t ions ,  f ina l  
pathogen popu la t ions  dur ing  the  s ta t ionary  phase remain  
lower  than those tha t  deve lop in  the compat ib le  in terac t ion  
(1 ,  7 ,  26 ,  33) .  In  th is  type o f  in terac t ion ,  symptom 
deve lopment  i s  usua l ly  a f fec ted by inocu lum concent ra t ion .  
At  low inocu lum concent ra t ions ,  v is ib le  symptoms may fa i l  to  
deve lop (1 ) .  At  h igh  inocu lum concent ra t ions  les ions  w i l l  
deve lop,  a l though they  may be fewer  in  number  and smal le r  
than those in  the fu l l y  compat ib le  in terac t ion  (1 ,  7 ,  11 ,  
33) .  There  i s  usua l ly  no rap id ,  mass ive  v is ib le  co l lapse o f  
the  t i ssues as in  the hypersen i t i ve  reac t ion .  Severa l  
s tud ies  have repor ted th is  type o f  res is tance reac t ion  but  
in  some cases (7 ,  26)  inocu la t ion  w i th  a r t i f i c ia l l y  h igh 
inocu lum concent ra t ions  e l im inated any d i f fe rences in  
bacter ia l  g rowth  ra tes  in  res is tant  and suscept ib le  p lan ts .  
Saprophyt ic  bac ter ia  in .  genera l  do  not  mul t ip ly  w i th in  
hea l thy  p lan ts  (20) .  There  are  usua l ly  no v is ib le  symptoms 
assoc ia ted w i th  th is  reac t ion .  
Chamber la in  (4 )  s tud ied deve lopment  o f  Xps in  soybean 
cu l t i vars  and found tha t  the  pathogen deve loped a t  a  s lower  
ra te  in  the  res is tant  cu l t i var  CNS than in  the  suscept ib le  
cu l t i var  L inco ln .  However ,  except  fo r  a  shor t  lag  per iod  (2  
days)  Xps popu la t ions  deve loped a t  the  same ra te  and reached 
the  same popu la t ion  leve ls  by  the  end o f  25 days .  He a lso  
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found tha t  there  were  fewer  and smal le r  les ions  produced on 
the  res is tant  p lan ts .  He cou ld  not  de tec t  pus tu le  
deve lopment  in  the les ions  on res is tant  p lan ts .  
Pathogen v i ru lence and host  res is tance can be 
e f fec t ive ly  measured th rough the  use o f  in fec t iv i ty  
t i t ra t ions  (9) .  In fec t iv i ty  t i t ra t ions  cons is t  o f  mak ing 
ser ia l  d i lu t ions  o f  pathogen inocu lum,  inocu la t ing  a ser ies  
o f  hos ts  and record ing the  reac t ion  o f  each p lan t .  Th is  i s  
done by  record ing the  presence or  absence o f  d isease on each 
p lan t  (quanta l  response)  o r  by  count ing  the  number  o f  
d isease un i ts  produced (quant i ta t ive  response) .  F ina l ly  
these data  are  used in  ca lcu la t ing  some es t imate  o f  the  
reac t ion  o f  pathogen and hos t  (9 ) .  Erco lan i  (9 ) ,  work ing  
w i th  severa l  Pseudomonas spec ies ,  found tha t  the  log  ED50 
(dose a t  wh ich  50% o f  inocu la ted p lan ts  responded)  ranged 
f rom 0 .6  to  2 .1  fo r  compat ib le  reac t ions  and 3 .8  to  4 .8  fo r  
the  incompat ib le  reac t ions .  Erco lan i  (9 )  and Boe lema (3 ) ,  
us ing  ana lys is  o f  in fec t iv i ty  t i t ra t ions ,  found tha t  p lan t  
pathogen ic  bac ter ia  probab ly  can ac t  independent ly  to  In fec t  
a  suscept ib le  hos t .  They a lso  found tha t  the  bacter ia  ac t  
coopera t ive ly  to  produce a  macroscop ica l  1  y  v is ib le  response 
in  res is tant  or  nonhost  p lan ts .  In  recent  s tud ies  (11,  29) ,  
the  number  o f  dead ce l ls  in  a res is tant  hos t  was found to  be 
p ropor t iona l  to  the  number  o f  bac ter ia  Inocu la ted in to  the  
p lan t .  Th is  ind ica tes  tha t  p lan t  pathogen ic  bac ter ia  can 
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a lso  ac t  independent ly  to  cause a  response in  a res is tant  
hos t .  
Under  greenhouse cond i t ions  C ivero lo  (5)  found the  
number  o f  Xanthomonas prun1 ce l ls  (co lony  fo rming un i ts )  
(CPU)  requ i red to  form a les ion  ( les ion  forming un i t )  (LFU)  
in  a suscept ib le  host  ranged f rom 9 to  23 ce l ls .  The number  
o f  les ions  induced by  the  pathogen were  p ropor t iona l  to  the  
number  o f  bac ter ia  in  the inocu lum.  He a lso  found tha t  a  
sweet  cher ry  i so la te  had ha l f  the  in fec t ion  e f f i c iency  on 
peach p lan ts  as  peach,  apr ico t  and p lum iso la tes .  
As ind ica ted by the  s tud ies  c i ted ,  there  are  severa l  
d i f fe rent  ways a  p lan t  spec ies  can reac t  to  p lan t  pathogen ic  
bac ter ia .  A lso ,  the  methods used in  the s tud ies  ( inocu lum 
concent ra t ions ,  inocu la t ion  techn iques and env i ronmenta l  
cond i t ions)  can a f fec t  the  resu l ts  o f  an exper iment .  
There fore  each p lan t -pathogen in terac t ion  shou ld  be examined 
separa te ly .  In  order  to  obta in  an accura te  p ic ture  o f  the  
host -pathogen in terac t ion ,  each sys tem shou ld  be examined 
us ing inocu la t ion  techn iques tha t  represent  rea l is t i c  
cond i t ions  and env i ronmenta l  cond i t ions  must  be  r ig id ly  
cont ro l led .  Idea l ly ,  severa l  d i f fe rent  assay methods 
(growth  in  v ivo ,  in fec t iv i ty  t i t ra t ions ,  e tc . )  shou ld  be 
used.  
Bacter ia l  Ep idemio logv .  Our  unders tand ing o f  the  
ep idemio logy  o f  p lan t  pathogen ic  bac ter ia  has undergone a  
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rap id  deve lopment  in  the  las t  few years .  New techn iques 
have been deve loped tha t  prov ide quant i ta t ive  and se lec t ive  
methods o f  de tec t ing  and ident i fy ing  spec i f i c  p lan t  
pathogen ic  bac ter ia .  Some o f  these new techn iques Inc lude 
the  use o f  se lec t ive  media ,  an t ib io t ic  res is tant  mutants  and 
immunolog ica l  methods to  detec t  bac ter ia  on or  in  seeds,  
p lan ts  or  so i l  (10 ,  31 ,  32) .  Another  impor tant  deve lopment  
in  bacter ia l .ep idemio logy  was the  rea l iza t ion  tha t  ep iphy t ic  
or  res ident  popu la t ions  o f  p lan t  pathogen ic  bac ter ia  p lay  an 
Impor tant  ro le  in  the  ep idemio logy  o f  many bac ter ia l  
d iseases (22) .  
A res ident  popu la t ion  i s  a  popu la t ion  o f  p lan t  
pathogen ic  bac ter ia  wh ich  l i ves  on the  sur face o f  a  hea l thy  
host  p lan t .  Ep iphyt ic  popu la t ions  are  detec ted by  e i ther  
wash ing the  bac ter ia  o f f  the  leaves or  by  remov ing the  
bac ter ia  f rom the lea f  sur face by  press ing the  lea f  onto  
agar  p la tes  (22) .  
Some spec i f i c  c rop-d isease combinat ions  tha t  have 
impor tant  ep iphy t ic  popu la t ion  phases are ;  bac ter ia l  canker  
o f  cher r ies  (6 ) ,  bac ter ia l  speck o f  tomato  (27) ,  b l igh ts  o f  
bean and soybeans (10 ,  19 ,  28 ,  31 ,  32)  and brown spot  o f  
wheat  (14) . .  These ep iphy t ic  popu la t ions  p lay  an impor tant  
ro le  In  es tab l ishment  f rom seed in to  the  crop canopy (8 ,  27,  
31 ,  32) ,  as  a  source o f  Inocu lum (6 ,  8 ,  10 ,  27) ,  as  a  s i te  
o f  surv iva l  (8 ,  10,  14)  and as  a  source o f  inocu lum fo r  
d ispersa i  (14) .  As ment ioned before ,  the  few s tud ies  on the  
ep idemio logy  o f  bac ter ia l  pus tu le  d id  not  cons ider  the  
poss ib le  ro le  ep iphyt ic  bac ter ia  cou ld  p lay  In  the  d isease 
cyc le .  Stud ies  o f  ep iphy t ic  surv iva l ,  co lon iza t ion  and 
d is t r ibu t ion  o f  X. .  phaseo l  1  and X.  phaseo l  1  var .  fuscans 
(31 ,  32)  on beans and ep iphy t ic  mul t ip l i ca t ion  o f  
Pseudomonas q lvc lnea on soybeans (19)  suggest  tha t  ep iphy t ic  
popu la t ions  cou ld  p lay  an Impor tant  par t  in  bacter ia l  
pus tu le  ep idemio logy .  
Exp lanat lon  o f  D isser ta t ion  Format .  Th is  d isser ta t ion  
cons is ts  o f  a  genera l  in t roduct ion  and l i te ra ture  rev iew,  
two separa te  manuscr ip ts  (sec t ions) ,  a  genera l  summary ,  
l i te ra ture  c i ted ,  acknowledgments  and append ix .  The Ph.D.  
cand idate ,  Dona ld  Ernest  Gro th ,  w i l l  be the  sen ior  author  on 
pub l ica t ions  der ived f rom the two sec t ions .  Sect ion  I ,  
coauthored w i th  Dr .  Edward Braun,  w i l l  be submi t ted  to  
Phvtopatho loqv and sec t ion  I I  wi l l  be submi t ted  to  P lant  
D i  sease.  
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SECTION I .  GROWTH KINETICS OF XANTHOMONAS PHASEOLI  
VAR.  SOJENSIS IN RESISTANT AND SUSCEPTIBLE 
SOYBEAN LEAVES 
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ABSTRACT 
The f i rs t  t r i fo l ia te  leaves o f  res is tant  and suscept ib le  
soybean p lan ts  were  inocu la ted w i th  Xanthowonas phased i  
var .  so . iens is  (Xps)  us ing  an a i rb rush.  Inocu lum 
concent ra t ions  were  var ied  to  produce in i t ia l  Xps 
popu la t ions  w i th in  the  leaves rang ing f rom 0 .6  to  400 CPU 
per  cm2.  Pathogen popu la t ions  were  assessed over  a  n ine  
day per iod  us ing s tandard  d i lu t ion  p la t ing  techn iques.  
Number  o f  pus tu les  per  cm2 was de termined 10 days a f te r  
inocu la t ion .  At  a l l  inocu lum concent ra t ions ,  Xps 
popu la t ions  Increased a t  s imi la r  ra tes  in  both  res is tant  and 
suscept ib le  leaves.  In  suscept ib le  leaves,  the  ra t io  
between the  in i t ia l  pathogen popu la t ion  (CPU per  cm^)  
and the  number  o f  pus tu les  10 days  a f te r  inocu la t ion  
(pustu les  per  cm?)  was c lose to  1 .3 :1 .  In  the res is tant  
leaves,  th is  ra t io  was approx imate ly  7 .7 :1 .  Pustu les  on 
res is tant  p lan ts  were  approx imate ly  30% smal le r  than on the  
suscept ib le  p lan ts .  
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INTRODUCTION 
Bacter ia l  pus tu le  o f  soybeans (G1vc ine max (L . )  
Mer r i l l )  i s  caused by  Xanthon ionas phaseo l  i  (E.F,  Smi th)  
Dawson var .  so . iens is  (Hedges)  S tar r  and Burkho lder  (Xps) .  
The d isease i s  charac ter ized by  smal l  ye l low- to-brown 
les ions  w i th  a  ra ised pustu le  in  the center .  The les ions  
are  res t r ic ted  to  the  leaves and may merge to  fo rm la rge 
necro t ic  areas.  A very  h igh  leve l  o f  f ie ld  res is tance to  
bacter ia l  pus tu le  i s  cond i t ioned by a  s ing le  recess ive  gene,  
des ignated rxp  (2) ,  o r ig ina l ly  found in  the cu l t i var  CMS 
(10 ,  11) ,  Th is  res is tance has endured fo r  over  30 years  in  
sp i te  o f  the  fac t  tha t  i t  is  the  on ly  w ide ly  used source o f  
res is tance and i t  has been incorpora ted in to  v i r tua l ly  a l l  
soybean var ie t ies  grown in  the  South  and most  var ie t ies  
grown in  the Midwest  (2 ) .  
Th is  s tudy  was under taken to  ga in  some Ins igh t  in to  how 
bac ter ia l  pus tu le  res is tance i s  expressed.  The spec i f i c  
ob jec t ive  was to  compare growth  k ine t ics  o f  Xps in  res is tant  
and suscept ib le  soybean leaves a t  Inocu lum concent ra t ions  
s imi la r  to  those found under  na tura l  cond i t ions  in  the 
f ie ld .  
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METHODS 
P lant  mater ia l  and i  nocu la t ion  techn iques.  The 
pathogen i so la te  used in  a l l  s tud ies  (Xps-6)  was ob ta ined 
f rom a typ ica l  bac ter ia l  pus tu le  on a  soybean p lan t  (cv .  
BSR301)  near  Ames,  Iowa in  1980.  In  order  to  prov ide 
un i fo rm inocu lum fo r  a l l  exper iments ,  a  s tock  cu l tu re  o f  
Xps-8  was suspended in  s ter i le  5% sk im mi lk ,  subd iv ided,  and 
f rozen in  l iqu id  n i t rogen.  For  inocu lum product ion ,  the  
f rozen bacter ia  were  rap id ly  thawed and grown fo r  24-28 hrs  
a t  20 C on  yeast  ex t rac t  ca lc ium carbonate  agar  (20  g  agar ,  
10 g  yeast  ex t rac t ,  2 .5  g  ca lc ium carbonate  per  l i te r )  
(YCA) .  Pr io r  to  inocu la t ion  p lan ts  w i th  recent ly  expanded 
t r i fo l ia te  leaves (10-14 days o ld )  were  p laced in  a mois t  
chamber  fo r  1-2  hrs  to  a l low the s tomata  to  open.  The 
lea f le ts  were  then inocu la ted w i th  suspens ions o f  Xps us ing  
an a r t i s t ' s  a i rb rush by spray ing the  inocu lum aga ins t  the  
unders ide  o f  the  lea f  un t i l  water  soak ing appeared.  
Inocu lum concent ra t ions  were  var ied  to  produce in i t ia l  Xps 
popu la t ions  w i th in  the  leaves o f  between 0 .6  and 1600 co lony  
fo rming un i ts  (CFU)  per  cm2 lea f  area.  In i t ia l  pathogen 
popu la t ions  were  determined by  the  lea f  gr ind ing method 
descr ibed be low.  A f te r  inocu la t ion ,  p lan ts  were  p laced in  a 
growth  chamber  (26  C,  16  hrs  photoper iod ,  17 ,000 lux)  fo r  
exper iments  on the  k ine t ics  o f  popu la t ion  deve lopment  o r  in  
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the  greenhouse (26 C,  na tura l  l igh t )  fo r  the  measurement  o f  
in fec t ion  e f f i c iency  o f  Xps ( in fec t iv i ty  t i t ra t ions)  in  
res is tant  and suscept ib le  p lan ts .  
Three res is tant  cu l t i vars ,  C lark  63,  Wi l l iams,  and BSR 
302,  and th ree suscept ib le  cu l t i vars ,  C lark ,  Oak land and BSR 
301 were  used.  C lark  and C lark  63 a re  near  i sogen ic  
cu l t i vars .  C lark  63 has res is tance to  Xps and to  Race 1  o f  
Phvtophthora  meoasperma var .  so iae.  Two pa i rs  o f  near  
i sogen ic  l ines ,  C lark  and L61-4180 (C lark  and C lark+)  and 
Harosoy and L61-4094 (Harosoy and Harosoy+)  (ob ta ined f rom 
Dr .  R.  L .  Bernard ,  Un i ted  Sta tes  Reg iona l  Soybean Lab. ,  
Urbana,  I l l ino is  61801)  were  a lso  used.  C lark+ and Harosoy+ 
have the  rxp  gene incorpora ted in to  them by backcross ing.  
Pathogen growth  w i th in  leaves.  Bacter ia l  popu la t ions  
were  assessed a t  0 ,  1 ,  3 ,  5 ,  7 ,  and 9  days  a f te r  inocu la t ion  
us ing s tandard  d i lu t ion  p la t ing  techn iques.  Samples  
cons is ted o f  ten  0 .24 cm d isks  ( two d isks  f rom f i ve  
d i f fe rent  p lan ts )  taken f rom the inocu la ted area o f  the  
lea f .  D isks  were  sur face s ter i l i zed in  70% e thano l ,  washed 
in  s ter i le  d is t i l led  water  and ground in  s ter i le  phosphate  
bu f fe r  conta in ing  0.1% Tr i ton  X-100 (F isher  Sc ient i f i c ,  Fa i r  
Lawn,  NO 07410) .  Samples  were  then ser ia l l y  d i lu ted  and 
p la ted on YCA.  Growth  curves  were  deve loped fo r  inocu lum 
concent ra t ions  o f  5 ,  70  and 1600 in i t ia l  CFU per  cm^ and 
average .doub l1ng t imes ( t ime requ i red fo r  pathogen 
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popu la t ion  to  increase 0 .301 log  un i ts )  fo r  log  phase growth  
(day  1-5)  were  ca lcu la ted.  There  were  f i ve  rep l ica t ions  o f  
C lark  and C lark  63 a t  inocu lum concent ra t ions  o f  5 ,  70 ,  and 
1600 CPU per  cm^ inocu lum concent ra t ions  and f i ve  
rep l ica t ions  o f  BSR 301 and Wi l l iams a t  5  CPU per  cm?.  
The growth  exper iment  was repeated in  the  f ie ld  us ing 
C lark  and C lark  63 and an inocu lum concent ra t ion  o f  40 CPU 
per  cm2 lea f  area.  The pathogen iso la te  used was XpsRa,  
wh ich  i s  a na tura l ly  occur r ing  ant ib io t ic - res is tant  mutant  
o f  Xps8 res is tant  to  the  an t ib io t ic  Ri fampin .  There  were  
four  rep l ica t ions  (h i l l s )  o f  each cu l t i var .  The same 
sampl ing  methods were  used as  above except  tha t  50 > jg  per  ml  
R i fampin  (S igma Chemica l  Co. ,  S t  Lou is ,  MO 63178)  was 
incorpora ted in to  the  YCA.  The f ie ld  exper iment  was 
conducted f rom 8 Ju ly  1982 to  26 Ju ly  1982.  Temperature  
ranged f rom 25-35 C fo r  dayt ime h ighs  and 15-21 C fo r  
n igh t t ime lows.  Leaves were  sampled 0 ,  1 ,  4 ,  7 ,  10 ,  14 ,  and 
18 days a f te r  inocu la t ion .  
In fec t i  v i  t v  t i t ra t i  ons.  In  the  in fec t iv i ty  t i t ra t ions ,  
the  number  o f  pus tu les  per  cm^ lea f  area was de termined 
10 days  a f te r  inocu la t ion .  The number  was ca lcu la ted by  
count ing  the  pustu les  w i th in  a  2X2 cm g r id  w i th  the  a id  o f  a  
s tereoscop ic  microscope ( lOX magni f i ca t ion) .  One sample  
cons is ted o f  2  g r ids  per  lea f le t ,  3  lea f le ts  per  p lan t  on 3 
p lan ts .  In i t ia l  Xps popu la t ions  were  checked by  g r ind ing 
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and ser ia l  d i lu t ion  as in  the  growth  exper iment .  There  were  
f i ve  rep l ica t ions  o f  each cu l t i var  a t  0 ,  0 .6 ,  3 .2 ,  16 and 80 
in i t ia l  CPU per  cm^ lea f  area.  L inear  regress ions  o f  
the  number  o f  pus tu les  per  cm^ aga ins t  in i t ia l  pathogen 
popu la t ions  per  cm2 were  conducted accord ing to  Stee l  
and Tor r ie  (15) .  
Pustu le  measurements .  Mature  14 day o ld  pustu les  were  
co l lec ted f rom f ie ld - inocu la ted res is tant  (C lark  63)  and 
suscept ib le  (C lark)  soybean p lan ts .  Pustu les  were  a lso  
co l lec ted f rom green house- inocu la ted Harosoy and Harosoy+ 
p lan ts .  The.samples  were  s tore  in  FAA (50 ml  95% e thano l ,  5  
ml  acet ic  ac id ,  10 ml  fo rmal in  and 35 ml  water ) .  S ing le  
pustu les  were  hand sec t ioned and pus tu le  d iameter  and 
pus tu le  th ickness were  measured w i th  a  compound microscope 
equ ipped w i th  an ocu lar  micrometer .  Measurements  were  
expressed as  the  mean o f  10 pus tu les  sampled per  cu l t i var .  
17  
RESULTS 
Growth  1n leaves.  Growth  pa t te rns  o f  Xps in  soybean 
leaves (F ig .  1)  were  very  s imi la r  fo r  both  the  res is tant  
cu l t i var  C lark  63 and suscept ib le  cu l t i var  C lark  a t  a l l  
Inocu lum concent ra t ions .  There  was a  g reater  d i f fe rence 
between the  growth  curves  o f  the  res is tant  and suscept ib le  
p lan ts  as  the  inocu lum concent ra t ion  decreased but  
d i f fe rences were never  s ign i f i cant  ( t - tes t ,  P=0.05) .  
Average doub l ing  t imes were  3 .5 ,  6 .5  and 8 .0  hrs  fo r  the  
1600,  70  and 5  CPU per  cm in i t ia l  inocu lum concent ra t ions  
respect ive ly .  F i rs t  v is ib le  ch loros is  and pus tu les  appeared 
1  and 2  days  la ter  fo r  the  70 and 5  CFU per  cm^ inocu lum 
concent ra t ions  respect ive ly  as  compared to  the  h igh  inocu lum 
concent ra t ion .  Absc iss ion  occur red on ly  a t  the  h ighest  
inocu lum concent ra t ions .  In  cu l t i vars  Wi l l iams and BSR 301,  
Xps had growth  ra tes  s imi la r  to  the  ra tes  in  Clark  and C lark  
63 a t  the  5  CFU per  cm^ inocu lum concent ra t ion .  
Popu la t ions  o f  XpsRa deve loped a t  the  same ra te  and 
reached the  same leve ls  in  res is tant  (cv .  C lark  63)  and 
suscept ib le  (cv .  C lark )  soybean leaves in  the f ie ld  (F ig .  
2 ) .  Average doub l ing  t ime fo r  XpsRa was 8  h rs .  
In fec t i  v i  tv  t i t ra t ions .  Res is tant  and suscept ib le  
cu l t i vars  o f  soybeans reac ted d i f fe rent ly  to  inocu la t ion  
w i th  Xps.  When the  number  o f  pus tu les  per  cm^ was 
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p lo t ted  aga ins t  the  in i t ia l  Xps popu la t ions  as  CFU per  
cn i2  (F ig .  3 ) ,  the  s lope o f  the  regress ion l ine  fo r  the  
suscept ib le  cu l t i var  C lark  was 0 .75 w i th  a  cor re la t ion  
coef f i c ien t  o f  0 .86 and fo r  the  res is tant  cu l t i var  C lark  63,  
0 .13 w i th  a  cor re la t ion  coef f i c ien t  o f  0 .75.  From th is  
in format ion ,  a  les ion  forming un i t  (LFU)  was ca lcu la ted.  A 
LFU i s  the  number  o f  bac ter ia  requ i red to  form one d isease 
un i t ,  a  les ion  or  in  th is  case one pus tu le .  For  the  
suscept ib le  cu l t i var  C lark ,  the  LFU was 1 .3  CFU and fo r  the  
res is tant  cu l t i var  C lark  63 the  LFU was 7 .7  CFU.  Th is  means 
tha t  i t  took 6  t imes as  many bac ter ia  to  induce a pus tu le  on 
the  res is tant  cu l t i var  as  on the  suscept ib le  one.  The o ther  
soybean cu l t i vars  tes ted responded in  a s imi la r  fash ion 
(F ig .  3 ) .  
Pustu le  s ize .  Average pus tu le  d iameter  on the  
suscept ib le  cu l t i var  Clark  was 0 .45 mm and on the  res is tant  
cu l t i var  C lark  63 i t  was 0 .34 mm. Leaf ,  th ickness th rough 
the  pustu le  was 0 .31 mm fo r  the  suscept ib le  and 0 .23 mm fo r  
the  res is tant  cu l t i vars  as compared to  0 .16 mm fo r  hea l thy  
leaves.  Pustu le  d iameter  was 0 .34 mm fo r  greenhouse-grown 
Harosoy p lan ts  and 0 .29 mm fo r  res is tant  Harosoy+ p lan ts .  
Pustu le  th ickness was 0 .23 mm fo r  Harosoy and 0 .16 mm fo r  
Harosoy+.  Hea l thy  lea f  th ickness was 0 .13 mm fo r  both  
l ines .  D i f fe rences in  pustu le  th ickness and d iameter  
between res is tant  and suscept ib le  cu l t i vars  were s ign i f i cant .  
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DAYS AFTER INOCULATION 
Fig .  1 ,  Growth  o f  Xanthomonas phaseo l i  var .  so l  ens i  s  In  
leaves o f  res is tan t  (cv .  C lark  63)  and suscept ib le  
(cv .  C lark )  cu l t i vars  o f  soybeans.  Ar rows ind ica te  
t ime o f  symptom deve lopment  (C=ch loros is ,  P=pustu le  
fo rmat ion  and A=absc iss ion)  
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Fig .  2 .  Growth  o f  Xanthomonas phaseo l  1  var .  so . iens is  in  
leaves o f  res is tan t  (cv .  C lark  63)  and suscept ib le  
(cv .  C lark )  cu l t i vars  o f  soybeans in  the f ie ld  
i 
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F I 9 .  3.  Number  o f  pus tu les  fo rmed 10 days a f te r  Inocu la t ion  
o f  res is tant  (cv .  C lark  63,  BSR 302 and Wi l l iams)  and 
suscept ib le  (cv .  C lark ,  BSR 301 and Oak land)  soybeans 
in  the  green house w i th  Xanthomonas phaseo l1  var .  
so . iens  1  s  
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DISCUSSION 
Under  cond i t ions  o f  na tura l  In fec t ion  in  the  f ie ld ,  
p lan ts  w i th  the  rxp  gene have a  h igh  leve l  o f  res is tance to  
bac ter ia l  pus tu le  and remain  symptomless  th roughout  the  
growing season.  However ,  i f  inocu la ted w i th  Xps pus tu les  
w i l l  deve lop.  Fo l lowing a r t i f i c ia l  inocu la t ion ,  res is tance 
to  bac ter ia l  pus tu le  in  soybeans was expressed as  a  
reduct ion  in  the  number  o f  pus tu les  formed ( in fec t ion  
e f f i c iency)  and pus tu le  s ize  but  no t  as  a  reduct ion  in  
pathogen growth  w i th in  the  leaves.  A l though,  Chamber la in  
(5 )  s ta ted tha t  Xps popu la t ions  deve loped a t  a  s lower  ra te  
in  the res is tant  cu l t i var  CMS than in  the suscept ib le  
cu l t i var  L inco ln ,  inspect ion  o f  the  data  Ind ica tes  tha t ,  
except  fo r  a  shor t  lag  per iod  (2  days)  in  the res is tant  
cu l t i var ,  the  popu la t ions  in  both  cu l t i vars  Increased a t  the  
same ra te  and by  the  end o f  25 days  the  to ta l  popu la t ions  
were  about  equa l .  
Phytopathogen ic  bac ter ia  genera l ly  do not  mul t ip ly  as  
rap id ly  and popu la t ions  do not  become as  g reat  in  res is tant  
p lan ts  as  in  suscept ib le  p lan ts (6 ,  8 ,  13 ,  14,  15 ,  17) .  
P lants  res is tant  to  bac ter ia l  pus tu le  remain  d isease- f ree  in  
the  f ie ld  but  Xps can mul t ip ly  equa l ly  rap id ly  and to  the  
same leve l  in  res is tant  and suscept ib le  p lan ts .  Th is  
represents  a  fa i r l y  un ique in terac t ion  between a res is tan t  
p lant  and a  bac ter ia l  p lan t  pathogen.  Recent  s tud ies  have 
ind ica ted tha t  phytopathogen ic  bac ter ia  can mul t ip ly  and 
reach h igh  leve ls  in  res is tant  p lan ts  (4 ,  6 ,  15)  bu t  these 
resu l ts  may be  due to  a r t i f i c ia l l y  h igh concent ra t ions  o f  
inocu lum (8 ,  15)  o r  Inocu la t ion  o f  the  bacter ia  in to  t i ssues 
where  res is tance i s  not  expressed (4 ) .  
In  th is  s tudy ,  p lan ts  were  a r t i f i c ia l l y  inocu la ted w i th  
an a i rb rush.  I t  is  poss ib le  tha t  th is  method o f  inocu la t ion  
bypasses a  res is tance mechan ism invo lv ing  the  inab i l i t y  o f  
the  bacter ium to  ga in  access to  the  leaves.  However ,  a l l  
cu l t i vars  used showed s imi la r  leve ls  o f  suscept ib i l i t y  to  
Pseudomonas g lvc lnea which  probab ly  has the  same s i te  o f  
en t ry  in to  the  p lan t  as  the  pustu le  pathogen (10) .  In  
add i t ion ,  o ther  researchers  have suggested tha t  th is  
inocu la t ion  techn ique shou ld  s imula te  wind b lown ra in  and 
aeroso l  wh ich  1s  most  l i ke ly  the  major  mechan ism o f  
bac ter ia l  penet ra t ion  in to  the  p lan t  (1 ,  10) .  
In  o ther  s tud ies  i t  has been determined tha t  p lan t  
pathogen ic  bac ter ia  can ac t  Independent ly  in  caus ing an 
In fec t ion  (3 ,  9 ,  12) .  The LFU o f  1 .3  in  the suscept ib le  
cu l t i var  C lark  ind ica tes  tha t  th is  pathogen Is  very  
e f f i c ien t  in  soybeans.  Even the  average LFU o f  7 .7  in  the  
res is tant  cu l t i var  i s  e f f i c ien t  as  compared to  o ther  sys tems 
(7 ) .  The young leaves and the  favorab le  env i ronment  
main ta ined in  the greenhouse and growth  chamber  a re  probab ly  
near  Idea l  cond i t ions  fo r  bac ter ia l  pus tu le  deve lopment  and 
ac tua l  In fec t ion  e f f i c iency  would  be expected to  be lower  in  
the  f ie ld .  
Res is tant  p lan ts  inocu la ted w i th  Xps in  the  greenhouse,  
g rowth  chamber  o r  f ie ld  do become d iseased a l though,  fewer  
and smal le r  pus tu les  are  formed as  compared to  suscept ib le  
p lan ts .  Under  f ie ld  cond i t ions ,  where  res is tant  cu l t i vars  
are  p lan ted away f rom suscept ib le  p lan ts  and no inocu lum is  
app l ied ,  they  remain  symptomless .  There  appears  to  be 
smal le r  ep iphy t ic  popu la t ions  present  on res is tant  p lan ts  
(See Sect ion  I I )  than on suscept ib le  p lan ts  in  the f ie ld .  
These ep iphy t ic  popu la t ions  probab ly  p lay  an impor tant  ro le  
as  a  loca l  Inocu lum source on the  p lan t  in  the  f ie ld .  In  
add i t ion  to  the  lower  Inocu lum concent ra t ions  present  on the  
p lan ts ,  the  in fec t ion  e f f i c iency  o f  Xps on the  res is tant  
p lan ts  i s  much lower .  In  combinat ion ,  these two fac tors  
wou ld  g reat ly  reduce d isease deve lopment  on res is tant  
p lan ts .  F ina l ly ,  the  les ions  and pustu les  produced on 
res is tant  p lan ts  are  o f ten  much smal le r  and may no t  be 
ident i f ied  as bac ter ia l  pus tu le  in  the  f ie ld .  There fore ,  
the  few les ions  which  might  deve lop on res is tant  cu l t i vars  
in  the f ie ld  cou ld  be eas i ly  over looked.  
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SECTION I I :  EPIDEMIOLOGY OF BACTERIAL PUSTULE OF 
SOYBEANS 
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ABSTRACT 
Estab l ishment ,  deve lopment  and spread o f  Xanthomonas 
phaseo l1  var .  so lens is  (Xps)  were  s tud ied under  f ie ld  
cond i t ions  in  Iowa.  The pathogen was ab le  to  overwin ter  in  
Iowa in  p lant  debr is  on the  so i l  sur face or  bur ied  a t  a  
depth  o f  15 cm and on seed s tored a t  20 C.  Ep iphy t ic  
popu la t ions  o f  Xps deve loped on both  res is tant  and 
suscept ib le  seed l ings  f rom e i ther  ex terna l  o r  in terna l  
seedborne inocu lum and f rom in fec ted p lan t  debr is  on the  
so i l  sur face.  The pathogen was d ispersed f rom a d iseased 
spreader  h i l l  equa l ly  in  a l l  d i rec t ions  and a t  the  same ra te  
(0 .1  m per  day)  in  p lo ts  o f  res is tant  and suscept ib le  
soybeans.  Ep iphyt ic  popu la t ions  on the  res is tant  and 
suscept ib le  var ie t ies  were  not  s ign i f i cant ly  d i f fe rent  
(P=0.05)  dur ing  the  f i rs t  th ree weeks a f te r  inocu la t ion .  At  
35 days  a f te r  inocu la t ion ,  when peak popu la t ions  were  
de tec ted,  ex terna l  Xps popu la t ions  were  20-  to  40- fo ld  
h igher  on the  suscept ib le  p lan ts .  A l l  res is tan t  p lan ts  
remained symptomless  th roughout  the  season.  
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INTRODUCTION 
Bacter ia l  pus tu le  o f  soybeans i s  caused by  Xanthomonas 
phaseo l  i  (E.  F .  Smi th)  Dawson var .  so . iens is  (Hedges)  S tar r  
and Burkho lder  (Xps) .  I t  is  a common d isease o f  soybeans 
and i s  found in  most  soybean growing reg ions .  Symptoms 
cons is t  o f  smal l  ye l low- to-brown les ions  on the  leaves w i th  
smal l  ra ised pustu les  on the  unders ide  o f  the  lea f  in  the  
center  o f  most  les ions .  Under  severe  d isease cond i t ions ,  
les ions  may merge to  fo rm la rge patches o f  necro t ic  lea f  
t i ssue.  The pathogen i s  thought  to  surv ive  in  crop res idues 
(5 ,  6 ,  12)  as  we l l  as  on seed (5 ,  6)  and to  enter  the  p lan t  
th rough wounds and natura l ,  open ings (12) .  
Cont ro l  o f  bac ter ia l  pus tu le  invo lves  the  use o f  
res is tan t  soybean cu l t i vars  and cu l tu ra l  methods wh ich  
reduce d isease deve lopment .  Res is tance i s  cond i t ioned by a  
s ing le  recess ive  gene o r ig ina l ly  found in  the var ie ty  CNS 
(8 ) .  Th is  gene impar ts  a  h igh  leve l  o f  res is tance and has 
endured fo r  over  30 years  in  sp i te  o f  the  fac t  tha t  i t  is  
the on ly  w ide ly  used res is tance gene and tha t  i t  has been 
incorpora ted in to  most  soybean cu l t i vars  grown in  the  
southern  and cent ra l  Un i ted  Sta tes  (1 ) .  
Cu l tu ra l  cont ro l  methods must  be  based on a  sound 
unders tand ing o f  where  the  pr imary  inocu lum comes f rom,  how 
the  pathogen es tab l ishes in  the  crop canopy and how i t  is  
30 
d ispersed.  Much o f  the  pub l ished research concern ing the  
bacter ia l  pus tu le  d isease has been conducted in  e i ther  the  
southern  USA o r  in  the t rop ics  (5 ,  6 ,  12)  and may no t  be 
d i rec t ly  app l icab le  to  Midwest  env i ronmenta l  cond i t ions .  
The ob jec t ive  o f  th is  s tudy  was to  determine the  fac tors  
which  in f luence the  in i t ia t ion ,  deve lopment  and spread o f  
the  bacter ia l  pus tu le  d isease and pathogen under  midwest  
env i ronmenta l  cond i t ions .  Spec i f i c  ob jec t ives  were- to  
determine;  1 )  i f  Xps overwin ters  in  crop debr is ,  2 )  i f  Xps 
i s  seed t ransmi t ted  and 3)  how Xps popu la t ions  become 
es tab l ished and deve lop in  the c rop canopy.  In  add i t ion ,  
the  re la t ive  impor tance o f  c rop debr is  and seed as  a  source 
o f  inocu lum was eva luated.  
31 
METHODS 
Pathogen iso la tes .  The pathogen iso la te  used in  a l l  
s tud ies  (Xps8)  was ob ta ined f rom a typ ica l  bac ter ia l  pus tu le  
on a  soybean p lan t  (cv .  BSR301)  near  Ames,  Iowa in  1980.  A 
na tura l ly  occur r ing  an t ib io t ic  res is tant  mutant  o f  XpsB,  
res is tan t  to  50 ug per  ml  r i fampin  (XpsRa)  very  s imi la r  to  
XpsS in  aggress ivenes charac ter is t i cs  was a lso  used.  S tock  
cu l tu res  were  suspended in  s ter i le  5% sk im mi lk  and s tored 
in  l iqu id  n i t rogen.  Inocu lum was produced by  growing the  
bacter ia  on yeast  ex t rac t  ca lc ium carbonate  agar  (20  g  agar ,  
10 g  yeast  ex t rac t  and 2 .5  g  CaCOg per  l i te r )  (YCA)  fo r  
24-48 hrs  a t  20 C.  Inocu lum concent ra t ions  were  
s tandard ized tu rb id imet r ica l  1  y .  
Detec t ion  o f .  X£S POPU I  a t ions .  Iso la te  Xps8 was 
de tec ted by  p la t ing  onto  a  se lec t ive  medium (13)  deve loped 
fo r  X.  campest r is  pv .  iug land is .  The Xps co lon ies  were  
smal l  (1  mm) and b lue  w i th  a  zone o f  s tarch  hydro lys is  
around them.  The XpsRa i so la te  was de tec ted by  p la t ing  onto  
YCA amended w i th  50 pg  per  ml  R i fampin  (S igma Chemica l  Co. ,  
S t  Lou is ,  MO 63178)  (RCA) .  Cyc lohex imi  de (S igma Chemica l  
Co. )  was added to  both  media  a t  100 wg per  ml  to  inh ib i t  
funga l  g rowth .  
Ep iphyt ic  popu la t ions  o f  Xps were  detec ted w i th  a  lea f  
wash ing techn ique or  th rough the  use o f  lea f  p r in ts .  Leaf  
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washing cons is ted o f  p lac ing  a lea f le t  in to  a f lask  
conta in ing  50 ml  s te r i le  phosphate  bu f fe r  conta in ing  0 .1*  
Tr i ton  X-100 (F isher  Sc ient i f i c  Co. ,  Fa i r  Lawn,  NJ 07410)  
and wash ing the  leaves a t  room temperature  (20-22 C)  fo r  1  
hr  on a  shaker .  The suspens ions were  then ser ia l l y  d i lu ted  
in  s ter i le  d is t i l led  water  and p la ted onto  the  appropr ia te  
se lec t ive  medium.  The p la tes  were  incubated a t  20-24 C and 
bac ter ia l  co lon ies  were  counted 4  to  5  days  la ter .  Leaf  
p r in ts  were  prepared by  p ress ing one sur face o f  a  lea f le t  
onto  the  agar  sur face o f  the  appropr ia te  se lec t ive  medium,  
then remov ing the  lea f le t  and press ing the  o ther  s ide  onto  
another  agar  p la te .  P la tes  were  examined a f te r  5  days  o f  
i  ncubat i  on .  
P isease assessments .  V isua l  d isease assessments  were  
recorded fo r  a l l  p lo ts  per iod ica l ly  th roughout  the  growing 
season.  D isease deve lopment  was expressed as  the  percent  
lea f  area covered by  les ions .  A Hors fa l1 -Bar ra t t  (9 )  ra t ing  
sys tem was used to  score  d isease sever i ty .  Three separa te  
assessments  were  made on a  group o f  5  to  6  p lan ts  sampled a t  
random in  each p lo t .  The assessments  were  made o f  the  
upper ,  midd le  and lower  th i rd  o f  the  canopy and they  were  
then combined in to  one d isease es t imate .  I  
Surv i  va l  o f  Xps 1_n 1  ea f  debr i  s .  D iseased soybean leaves 
(cv .  C lark )  were  co l lec ted in  ear ly  October  f rom p lants  tha t  
were  inocu la ted w i th  Xps8 or  XpsRa in  Ju ly  1982.  The leaves 
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were a i r  d r ied  and broken in to  smal l  p ieces (1-5  mm).  One 
gram samples  o f  lea f  debr is  conta in ing  e i ther  Xps8 or  XpsRa 
were  p laced in  ny lon mesh bags.  On 30 October  1982,  ha l f  
the  bags were  p laced in  a soybean f ie ld  in  a randomized 
des ign on the  so i l  sur face and the  o ther  ha l f  bur ied  a t  a  
depth  o f  15 cm.  
A t  one-month  in terva ls  th roughout  the  w in ter  and spr ing ,  
6  bags (3  XpsS and 3  XpsRa)  were  co l lec ted f rom those le f t  
on the  so i l  sur face and s ix  bags were  co l lec ted f rom those 
bur ied  15 cm be low the  so i l  sur face.  Each bag was washed 
w i th  tap  water  to  remove excess so i l ,  i t s  contents  were  
removed,  p laced in  50 ml  s te r i le  Tr i ton  buf fe r  and ground in  
a War ing  b lender .  The suspens ions were  then ser ia l l y  
d i lu ted  and p la ted onto  the  appropr ia te  se lec t ive  medium.  
V i ru lence o f  surv iv ing  Xps bac ter ia  was de termined in  May 
1983.  Twenty- f i ve  separa te  co lon ies  f rom var ious  d i lu t ion  
p la tes  were  removed asept ica l ly  and used to  inocu la te  
pr imary  soybean leaves (cv .  BSR301)  in  the  greenhouse.  
P lants  were  examined fo r  symptom deve lopment  10 days  a f te r  
i  nocu la t ion .  
Crop ro ta t ion .  Bacter ia l  pus tu le  d isease deve lopment  
was s tud ied in  1980 in  the  p lo ts  o f  Dr .  H.  Tach ibana a t  
i 
Cur t iss  and Bennet t  Exper imenta l  Farms near  Ames,  Iowa.  
D isease assessments  were  made th roughout  the  growing season.  
P lo ts  cons is ted o f  four  rows (6 .2  m long p lan ted 0 .76 m 
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apar t )  o f  Wi l l iams,  Oak land,  BSR301 or  BSR302 soybeans.  
P lo ts  were  p lan ted in  two d i f fe rent  f ie ld  types;  those tha t  
had been c ropped to  soybeans the  prev ious  year  (soybean 
ground)  and those tha t  had not  been c ropped w i th  soybeans 
the  prev ious  year  (nonsoybean ground) .  A t  the  Cur t iss  and 
Bennet t  Farms the  soybean ground had been p lan ted w i th  
soybeans fo r  a t  leas t  the  th ree prev ious  years .  A t  the  
Cur t iss  Farm the  nonsoybean ground was a  corn  (Zea mays 
L . ) -oa ts  fAvena sa t iva  L . l -sovbean ro ta t ion  f ie ld  and a t  the  
Bennet t  Farm the  nonsoybean ground was a  corn-soybean 
ro ta t ion  f ie ld .  
Seed Transmiss ion.  Exper iments  to  determine 1 f  Xps 
cou ld  es tab l ish  f rom seedborne Inocu lum were conducted.  
Seeds o f  res is tan t  (cv .  Wi l l iams)  and suscept ib le  (cv .  
BSR301)  soybeans were  sur face s ter i l i zed in  70% e thano l  fo r  
3  min .  T issues on the  outs ide  par ts  o f  the  seeds (ex terna l )  
were  inocu la ted by immers ing them in to  an aqueous bac ter ia l  
suspens ion (10^  or  10^  co lony  fo rming un i ts  (CFU)  per  ml )  o f  
XpsRa fo r  1  min .  In  order  inocu la te  t i ssues w i th in  the  
seeds ( in terna l ) ,  seeds were  p laced in to  the  suspens ions,  
then p laced under  a  par t ia l  vacuum fo r  1  min  and f ina l ly  
sur face s ter i l i z ing  for  1  min  in  70% e thano l  to  remove 
ex terna l  bac ter ia .  Cont ro ls  were  sur face s ter i l i zed and 
immersed in  s ter i le  d is t i l led  water  fo r  1  min .  A l l  seeds 
were  a l lowed to  a i r  dry  a t  room temperature  (20 C)  and were  
then Immedia te ly  p lan ted in  the f ie ld  a t  the  Cur t iss  
Exper imenta l  Farm.  P lo ts  o f  each t rea tment  cons is ted o f  
h i l l s  (10 seeds per  h i l l )  p lan ted 1 .52 m apar t .  Each h i l l  
was sur rounded by h i l l s  o f  un inocu la ted res is tant  soybeans 
(cv .  BSR 302) .  There  were  four  rep l ica t ions  o f  each 
t rea tment  ar ranged in  a randomized comple te  b lock  des ign 
(RCBD).  
P lan ts  were  sampled when they  had fu l l y  expanded pr imary  
leaves to  detec t  ep iphy t ic  popu la t ions  o f  XpsRa by  the  lea f  
wash ing and lea f  p r in t  methods.  Seed l ings  co l lec ted were 
d iv ided in to  four  par ts  (hypocoty l ,  co ty ledon,  pr imary  lea f  
and ap ica l  bud)  each o f  wh ich  was processed separa te ly .  
T r i fo l ia te  lea f le ts  were  resampled when p lan ts  had 6  
t r i fo l ia te  leaves.  Pustu les  wh ich  eventua l ly  deve loped on 
suscept ib le  p lan ts ,  were  sampled to  detec t  XpsRa.  Th is  was 
done by  Inser t ing  a s te r i le  need le  th rough a sur face 
s ter i l i zed pustu le  and then,  inser t ing  i t  in to  p la tes  o f  YCA 
and RCA.  The percent  o f  pus tu les  w i th  XpsRa was ca lcu la ted 
by  d iv id ing  the  number  o f  Xps co lon ies  tha t  deve loped on RCA 
by  the  number  o f  Xps co lon ies  on YCA.  F i f ty  pustu les  per  
h i l l  were  sampled f rom 4 to  6  lea f le ts .  
Exper iments  were  conducted to  determine I f  Xps became 
es tab l ished on seeds.  Seeds were  harves ted f rom heav i ly  
d iseased p lan ts  a t  harves t  matur i ty  by  th resh ing in  a 
combine or  by  hand harves t ing  pods and asept ica l ly  remov ing 
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seeds.  Twenty- f i ve  seeds were  p laced in  a 125 ml  Er lenmeyer  
f lask  conta in ing  25 ml  o f  Tr i ton  buf fe r  and washed on a  
ro tary  shaker  un t i l  the  seed coats  loosened (1-2  hrs ) .  The 
wash ings were  ser ia l l y  d i lu ted  and p la ted on RCA.  An 
a l te rnate  method o f  sampl ing  the  seeds was to  wash 
ind iv idua l  seeds in  2 ml  T r i ton  buf fe r  in  a tes t  tube and 
then ser ia l l y  d i lu te  and p la te  th is  wash bu f fe r .  
To de termine i f  Xps was ab le  to  contaminate  seeds dur ing  
th resh ing,  four  samples  o f  hea l thy  soybean p lan ts  were  
th reshed in  a c lean s ing le  p lan t  th resher ,  fo l lowed by four  
samples  o f  p lan ts  tha t  were  severe ly  in fec ted w i th  XpsRa.  
F ina l ly ,  another  four  samples  o f  hea l thy  soybean p lan ts  were  
th reshed in  the same th resher .  Seeds were  co l lec ted 
separa te ly  f rom each sample  and tes ted fo r  Xps and XpsRa by  
the  s ing le  seed method ou t l ined above.  
To de termine i f  Xps was ab le  to  in fec t  the  seeds w i th in  
pods in  the f ie ld  and to  prov ide in fec ted seeds fo r  a  
surv iva l  exper iment ,  pods o f  suscept ib le  soybeans (cv .  BSR 
301)  were  a r t i f i c ia l l y  inocu la ted in  ear ly  August  1981.  The 
pods were  inocu la ted by e i ther  spray ing a suspens ion o f  
XpsRa in  water  (10? CFU per  ml )  on to  the  pods,  by  
scra tch ing the  sur face o f  the  pods w i th  a  need le  d ipped in to  
the  suspens ion o f  XpsRa o r  by  in jec t ing  0 .1  ml  o f  the  XpsRa 
suspens ion in to  the  pod.  Checks cons is ted o f  pods t rea ted 
in  the  same way us ing  s ter i le  d is t i l led  water .  Seeds were  
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hand harves ted and sampled fo r  XpsRa as  above.  Seeds were  
s tored a t  room temperature  (18-20 C)  and resampled in  May 
1982 fo r  XpsRa.  Remain ing seeds were  p lan ted in  the  f ie ld  
in  h i l l  p lo ts  and lea f le ts  were  sampled fo r  XpsRa a f te r  
emergence.  
Seed > is  p i  an t  debr i  s  as  a  source o f  i  nocu l  urn .  A  
fac tor ia l  exper iment  was es tab l ished in  the f ie ld  in  May 
1983.  The exper iment  cons is ted o f  th ree seed t rea tments  (an 
un inocu la ted cont ro l ,  Xps8 o r  XpsRa inocu lum)  and th ree 
p lan t  debr is  t rea tments  (no debr is ,  Xps8 or  XpsRa in fec ted 
soybean lea f  debr is ) .  There  were  f i ve  rep l ica t ions  o f  each 
combinat ion  ar ranged in  a RCBD.  Ex terna l  inocu lum was 
app l ied  as  in  the  seed t ransmiss ion exper iment .  P lant  
debr is  was f rom the same source as  in  the  overwin ter ing  
exper iment  bu t  was s to red in  the  labora tory  a t  room 
temperature  th rough the  w in ter .  Microp lo ts  (30 cm d ia  
sur rounded by  screen ing)  were  p laced in  the f ie ld  1 .76 m 
apar t .  Ten seeds were  p lan ted as  a  h i l l  in  the  center  o f  
each p lo t  and then 2 .5  gm o f  the  appropr ia te  lea f  debr is  was 
incorpora ted in to  the  top  one cm o f  so i l  in  the  p lo t .  A f te r  
emergence,  p r imary  leaves were  sampled by  the  lea f  wash ing 
method to  detec t  ep iphy t ic  popu la t ions  o f  Xps8 and XpsRa.  
On 15 Ju ly  1983,  pus tu les  were  sampled to  determine i f  they  
conta ined Xps8 or  XpsRa.  Pustu les  were  sampled by  e i ther  the  
p in  method used in  the  seed t ransmiss ion s tud ies  or  by  
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g r ind ing s ing le  sur face s ter i l i zed pustu les .  • I n  the  
gr ind ing method,  a  s ing le  pustu le  was ground w i th  a  mor tar  
and pes t le  in  Tr i ton  buf fe r .  The p lan t  suspens ion was 
ser ia l l y  d i lu ted  and p la ted onto  the  appropr ia te  se lec t ive  
medium.  D isease sever i ty  ra t ings  were recorded fo r  each 
h i l l  on 20 Ju ly  1983.  
Deve lopment  and d ispersa l  o f  ep iphy t ic  Xps popu la t ions .  
The d ispersa l  p lo ts  cons is ted o f  so l id  b locks  o f  e i ther  
res is tant  (cv .  Wi l l iams)  or  suscept ib le  (cv .  Oak land or  BSR 
301)  h i l l s  (10 seeds per  h i l l )  p lan ted 0 .76 m apar t  w i th  a  
suscept ib le  spreader  h i l l  (cv .  BSR 301)  in  the  center  o f  
each p lo t  (F ig .  1 ) .  P lo ts  were  separa ted f rom each o ther  by  
four  rows o f  res is tant  (cv .  BSR302)  soybeans.  P lo ts  were  
p lan ted in  May and ar ranged in  a RCBD w i th  two rep l ica t ions  
o f  each cu l t i var .  The center  h i l l  was inocu la ted on 25 June 
1983 w i th  a suspens ion XpsRa (10? CPU per  ml )  by  
spray ing the  suspens ion onto  the  p lan ts  w i th  an a tomizer .  
A t  A, 12,  20,  35 ,  60 ,  and 80 days  a f te r  inocu la t ion  four  
symptomless  lea f le ts  f rom each h i l l  a t  var ious  d is tances 
(1 .06,  2 .12 and 3 .18 m)  and d i rec t ions  (NW, NE, '  SE and SW) 
f rom the spreader  h i l l  were  sampled to  detec t  ep iphy t ic  
popu la t ions  o f  XpsRa.  Leaf le ts  were  p laced in  separa te  
bags,  t ranspor ted to  the  labora tory  In  a coo ler  and 
processed on the  same day us ing  the  lea f  wash ing method.  
Depos i t ion  o f  a i rborne XpsRa onto  agar  p la tes  p laced a t  
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canopy he ight  was s tud ied In  the  d ispersa l  p lo ts  ment ioned 
above.  Agar  p la tes  o f  RCA were  p laced on a  th in  board  
a t tached to  a  r ing  s tand and p laced 1-2  m down w ind f rom the 
spreader  h i l l  a t  canopy he ight .  P la tes  were  open fo r  1-3  
hrs .  Sampl ing  was conducted dur ing  th ree dry  sunny days  
(30-32 C,  40-60*  RH)  and a f te r  th ree ra ins  (1 .6 ,  2 .3  and 4 .4  
cm) .  
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F ig .  1 .  D ispersa l  exper iment  p lo t  des ign,  S =  cent ra l  
inocu la ted h i l l  o f  BSR 301,  s ta rs  ind ica te  h i l l s  
sampled fo r  popu la t ions  o f  ep iphy t ic  Xanthomonas 
phaseo l1  var .  so iens is  
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RESULTS 
Surv l  va l  i_n 1  ea f  debr is .  Popu la t ions  o f  Xps surv ived 
equa l ly  we l l  in  sur face and bur ied  debr is  (F ig .  2 ) ,  There  
was a  g radua l  dec l ine  in  Xps popu la t ions  th rough the  w in ter  
and in to  the  spr ing .  Only  a t  the  Apr i l  sampl ing  was there  a 
s ign i f i cant  d i f fe rence ( t - tes t ,  P=0.05)  between sur face and 
bur ied  popu la t ions .  A l l  100 o f  the  s ing le  co lony  iso la tes  
tes ted by  inocu la t ion  o f  suscept ib le  soybean p lan ts  were  
v i  ru len t .  
Crop Rota t ion .  In  1980,  bac ter ia l  pus tu le  deve loped on 
cu l t i vars  BSR 301 and Oak land two weeks ear l ie r  in  f ie lds  
p lanted in  soybeans the  prev ious  year  as  compared to  f ie lds  
p lanted in  corn  or  oats  the  prev ious  year  (F ig .  3 ) .  D isease 
deve loped on cu l t i var  Oak land a t  a  s lower  ra te  than on the  
o ther  suscept ib le  cu l t i var  BSR301 (F ig .  3 ) .  Most  o f  the  
d isease present  on the  res is tant  cu l t i vars  BSR 302 and 
Wi l l iams was observed in  p lo ts  ad jacent  to  cu l t i var  BSR 301 
p lo ts .  No d isease deve lopment  da ta  were  ava i lab le  fo r  1981 
because o f  e i ther  hot  d ry  or  coo l  mois t  env i ronmenta l  
cond i t ions  which  were  un favorab le  fo r  bac ter ia l  pus tu le  
deve lopment .  
In  1982,  d isease deve loped a t  the  same ra te  in  the 
cu l t i vars  BSR 301 and Oak land (F ig .  4)  in  the d ispersa l  
p lo ts .  The res is tant  cu l t i var  Wi l l iams d id  not  become 
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2.  Overwin ter ing  o f  Xanthowonas phaseoTI  var .  
so lens is  in  sur face or  bur led  (15 cm)  soybean 
lea f  debr is .  Exper iment  conducted between November  
1982 and May 1963 
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Fig .  3 .  Deve lopment  o f  bac ter ia l  pus tu le  d isease in  p lo ts  o f  
res is tant  (cv .  BSR 302 and Wi l l iams)  and suscept ib le  
(cv .  Oak land and BSR 301)  soybean cu l t l vars  in  the 
f ie ld  in  1980 (A=Nonsoybean ground,  B=soybean ground)  
D isease expressed as  the  percent  lea f  area covered by  
les ions  
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Fig .  4 .  Deve lopment  o f  bac ter ia l  pus tu le  d isease on leaves 
o f  res is tan t  (cv .  Wi l l iams)  and suscept ib le  (cv .  
Oak land and BSR 301)  soybean cu l t i vars  in  the 
d ispersa l  exper iment  in  1982.  D isease expressed as 
the  percent  lea f  area covered by  les ions  
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d iseased dur ing  the  growing season even on the  h i l l s  next  to  
the  heav i ly  d iseased spreader  h i l l .  
Seed vs  debr is  p i  an t  debr is  as  a  source o f  i  nocu lurn .  
The resu l ts  o f  the  exper iment  to  determine the  re la t ive  
impor tance o f  p lan t  debr is  and seed as  sources o f  inocu lum 
are  summar ized in  tab le  1 .  Ep iphyt ic  popu la t ions  o f  Xps8 
and XpsRa es tab l ished on seed l ings  tha t  deve loped f rom seeds 
inocu la ted w i th  Xps8 or  XpsRa bu t  no t  f rom In fec ted p lan t  
debr is  on the  so i l  sur face (Tab le  1 ) .  The weather  
cond i t ions  dur ing  the  exper iment  were  unusua l ly  d ry  fo r  Iowa 
and l i t t le  dew was p resent  dur ing  th is  t ime per iod .  A f te r  
heavy ra ins  in  la te  June,  pus tu les  tha t  eventua l ly  deve loped 
conta ined most ly  the  Xps i so la te  tha t  was p resent  in  the  
debr is  on the  so i l  sur face (Tab le  1 ) .  The pus tu les  tha t  
were  sampled conta ined e i ther  Xps6 or  XpsRa but  never  bo th  
together  in  the same pus tu le .  More bac ter ia l  pus tu le  
d isease deve loped on h i l l s  grown f rom inocu la ted seeds and 
in  p lo ts  w i th  in fec ted p lan t  debr is  than on the  cont ro l  (no  
seed or  debr is  inocu lum)  (Tab le  1 ) .  
Seed t ransmiss ion.  In  1981 and 1982,  ep iphy t ic  
popu la t ions  o f  XpsRa deve loped on both  res is tant  and 
suscept ib le  soybean seed l ings  f rom e i ther  ex terna l  o r  
In terna l  seedborne inocu lum (Tab le  2 and 3 ) .  Checks 
remained f ree  o f  XpsRa th roughout  the  f i rs t  sampl ing  but  
became contaminated la ter .  There  were  no s ign i f i cant  
45a 
Tab le  1 .  Es tab l ishment  o f  Xanthomonas phaseo l1  var .  so lens is  
f rom seedborne Inocu lum and p lan t  debr is  onto  
cu l t i var  BSR 301 p lan ts  In  the f ie ld  
Treatment  
Seed 
Inocu lurn  
Combinat ion  
Debr is  
Inocu lum 
a 
c  Ep i  phy t ic  
Popu la t ions  
Major  Xpsb 
Const i tuent  
o f  Pustu les  
on P lants  
d  
Percent  
D isease 
0  0  None Both  0 .3  
XpsRa 0  XpsRa Mix ture  0 .  7  
Xps8 0  Xps8 Mi  x tu re  1 .7  
0 XpsRa None XpsRa 0 .6  
XpsRa XpsRa XpsRa XpsRa 0 .6  
Xpsd XpsRa Xps8 XpsRa 1 .1  
0 Xps8 None Xps8 1 .3  
XpsRa XpsS XpsRa Xps8 1 .3  
Xps8 Xps8 Xps8 Xps8 1 .4  
^  Iso la te  used to  inocu la te  seed or  present  in  the  crop 
debr is .  
^  Iso la te  present  in  most  o f  pus tu les  in  Ju ly .  
^Ep iphyt ic  popu la t ions  on seed l ings  a t  pr imary  lea f  s tage,  
d  D isease expressed as  the  percentage lea f  area covered by  
bac ter ia l  pus tu le  les ions  in  Ju ly .  
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Table  2 .  Es tab l ishment  o f  Xanthomonas phaseo l i  var .  
so iens is  onto  suscept ib le  soybean (cv .  BSR301)  
seed! ings  in  the  f ie ld  f rom a r t i f i c ia l l y  
Inocu la ted seeds in  1981.  Va lues expressed as  
the  log  o f  the  CFU per  p lan t  par t  
Inocu la t ion  method 
Check Ex terna l  In terna l  
P lant  Par t  10 10 10 10 
Hypocoty1e 0 .0  3 .45 4 .06 4 .13 3 .90 
Coty ledon 0 .0  2 .76 3 .32 2 .72 3 .02 
Pr imary  lea f  0 .0  2 .30 1 .82 2 .77 3 .21 
Ap ica l  bud 0 .0  0 .31 0 .94 0 .46 0 .64 
Tab le  3 .  Es tab l ishment  o f  Xps on to  res is tant  (cv .  Wi l l iams)  
and suscept ib le  seed l ings  in  the  f ie ld  f rom 
ar t i f i c ia l l y  inocu la ted seed in  1982.  Va lues 
expressed as  the  log  o f  the  CFU per  p r imary  lea f  
Inocu la t ion  method 
Cu l t i var  Check Ex terna l  In terna l  
BSR301 0 .0  2 .50 2 .01 
Wi l l i  ams 0 .0  2 .60 i .  51 
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d i f fe rences between popu la t ions  tha t  deve loped f rom seed 
Inocu la ted w i th  the  h igh  or  low (10 or  10 CPU XpsRa per  
ml )  Inocu lum concent ra t ions .  Tota l  ep iphy t ic  popu la t ions  
per  seed l ing  two weeks a f te r  p lan t ing  were 0  fo r  the  check,  
7000 CPU fo r  the  ex terna l ly  Inocu la ted seeds and 12,000 CPU 
fo r  the  In terna l ly  Inocu la ted seeds.  Average ep iphy t ic  
XpsRa popu la t ions  were  4  CPU per  ap ica l  bud and 335 CPU per  
p r imary  lea f ,  906 CPU per  co ty ledon and 7600 CPU per  
hypocoty l .  Ep iphyt ic  XpsRa popu la t ions  were  de tec ted on 
t r i fo l ia te  leaves In  the  upper  canopy o f  these h i l l s  In  la te  
June.  
On suscept ib le  p lan ts  tha t  deve loped la rge ep iphy t ic  
popu la t ions  o f  XpsRa In  1982,  an average o f  90*  o f  the  
pustu les  conta ined XpsRa.  In  1981,  env i ronmenta l  cond i t ions  
d id  not  favor  bac ter ia l  pus tu le  and no pus tu les  deve loped.  
In  the  exper iments  to  determine I f  Xps was ab le  to  
es tab l ish  on harves ted seeds,  XpsRa was de tec ted on a  low 
percentage (1-3%) o f  the  seeds,  harves ted by  th resh ing,  f rom 
heav i ly  d iseased p lan ts  (Tab le  4 ) .  When seeds were  hand 
harves ted in  the pods and removed asept lca l ly ,  .XpsRa was no t  
de tec ted on any seed.  
No XpsRa was de tec ted on any seeds f rom hea l thy  soybean 
p lan ts  processed th rough a c lean s ing le  p lan t  th resher  
(Tab le  5 ) .  The an t ib io t ic  res is tant  i so la te  was de tec ted on 
seeds f rom p lants  tha t  were  heav i ly  d iseased (5% lea f  area 
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Table  4 .  Assoc ia t ion  o f  XpsRa w i th  seeds f rom heav i ly  
d iseased p lan ts  e i ther  asept lca l ly  removed f rom 
the  pods or  th reshed in  a s ing le  p lan t  th resher  
Treatment  % seeds contaminated CFU/seed 
Asept lca l ly  removed 0 .0  0 .0  
Threshed 2-3  5-20 
Tab le  5 .  Assoc ia t ion  o f  Xps w i th  seeds f rom hea l thy  and 
d iseased soybean p lan ts  a f te r  th resh ing in  a 
s ing le  p lan t  th resher  
Samples  Threshed Number  o f  25-seed 
samples  w i th  XpsRa 
Number  o f  CFU 
per  sample  
Hea l  thy  p i  an ts  
(be fore  d iseased)  
0 /4  0  
D iseased p lan ts  2 /4  25 
Hea l thy  p lan ts  
(a f te r  d iseased)  
1 /4  20 
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covered by  les ions)  w i th  bac ter ia l  pus tu le  ( i so la te  XpsRa)  
and on seeds f rom hea l thy  p lan ts  th reshed a f te r  the  d iseased 
p i  an ts .  
Only  the  seeds f rom the  pods inocu la ted w i th  e i ther  the  
d issec t ing  need le  or  by  in jec t ion  had XpsRa present  on them 
(Tab le  6 ) .  None o f  the  pods sprayed w i th  the  XpsRa 
suspens ion conta ined seeds in fes ted w i th  XpsRa.  Cont ro ls  
a lso  were  f ree  o f  XpsRa.  The XpsRa i so la te  was no t  de tec ted 
in  in fes ted seed lo ts  a f te r  sur face s ter i l i za t ion  (70% 
e thano l  fo r  15 sec . ) .  Average popu la t ions  on the  in fec ted 
seeds were  435 CPU per  seed fo r  both  the  inocu la t ion  
techn iques.  In  October  1981,  these seeds were  p laced in  
s torage a t  room temperature .  
When the  seeds were  re tes ted in  May 1982,  there  was an 
average 166 CPU XpsRa per  seed.  When a  sample  o f  th is  
seed lo t  was p lan ted in  the f ie ld ,  ep iphy t ic  popu la t ions  o f  
XpsRa became es tab l ished on the  young seed l ings  o f  two out  
o f  10 h i l l s .  
Deve lopment  and d ispersa l  o f  ep iphy t ic  Xps P O P U Iat lons .  
An ep iphy t ic  popu la t ion  o f  XpsRa spread f rom a .severe ly  
d iseased spreader  h i l l  in  a l l  d i rec t ions  (NW, NE,  SE,  SW) a t  
the  same ra te  (0 .1  m per  day)  on res is tant  and suscept ib le  
cu l t i vars .  In  the  f i rs t  20 days  a f te r  inocu la t ion  o f  the  
spreader  h i l l ,  the  ep iphy t ic  popu la t ions  o f  XpsRa were  the  
same s ize  on the  res is tant  (cv .  Wi l l iams)  and suscept ib le  
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Table  6 .  In fec t ion  o f  seeds o f  suscept ib le  (cv .  BSR301)  
soybeans a f te r  inocu la t ion  o f  the  pods w i th  XpsRa 
in  the  f ie ld  
Pod inocu la t ion  % seeds in fec ted CPU per  in fec ted 
method w i th  XpsRa seed 
Sprayed Check 0  0  
Sprayed 0  0  
Wounded Check 0  0  
Wounded 3  420 
In jec t ion  Check 0  0  
In jec t ion  5 450 
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(cv .  Oak land,  BSR 301)  p lan ts  (F ig .  5 ) .  At  35 days  a f te r  
inocu la t ion ,  when peak popu la t ions  were  detec ted,  ex terna l  
XpsRa popu la t ions  were  20-  to  50- fo ld  greater  on the  
suscept ib le  p lan ts  than on the  res is tant  p lan ts  (F ig .  5  and 
6 ) .  The ep iphy t ic  popu la t ions  o f  XpsRa remained on the  
leaves un t i l  phys io log ica l  matur i ty .  The p ropor t ion  o f  
pus tu les  conta in ing  XpsRa decreased f rom an average o f  64% 
on the  h i l l s  neares t  the  spreader  h i l l  to  32*  and 4% o f  the  
pustu les  on the  h i l l s  2 .1  and 3 .2  m away respect ive ly .  
Ra in fa l l  and temperature  cond i t ions  are  recorded fo r  the  
dura t ion  o f  the  exper iment  (F ig .  7 ) .  A l l  res is tan t  p lan ts  
remained symptomless  th roughout  the  season and the  
suscept ib le  cu l t i vars  became modera te ly  d iseased (F ig .  4 ) .  
Depos i t ion  o f  a i rborne XpsRa on agar  p la tes  was examined 
on s ix  d i f fe rent  dates .  Depos i t ion  ra tes  o f  1400,  1250 and 
800 CFU per  per  h r  were  de tec ted approx imate ly  30 min  
a f te r  ra in fa l l s  o f  2 .3 ,  4 .4  and 1 .4  cm respect ive ly .  Under  
d ry ,  sunny cond i t ions  ra tes  o f  96 ,  200 and 242 CFU per  
m2 per  h r  were  observed.  
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Fig .  5 .  Co lon iza t ion  o f  res is tan t  (cv .Wi l l iams)  and 
suscept ib le  (cv .  BSR 301 and Oak land)  soybean lea f ­
le ts  by ep iphy t ic  popu la t ions  o f  Xanthowonas 
Dhaseo l i  var .  so . iens is  (Average o f  a l l  h i l l s  
sampled in  the d ispersa l  exper iment  in  1982. )  
(Bars  = S td .  Er rors )  
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Fig .  6 ,  Co lon iza t ion  o f  res is tan t  (cv .  Wi l l iams)  and 
suscept ib le  (cv .  BSR 301 and Oak land)  lea f le ts  
by  ep iphy t ic  popu la t ions  o f  Xanthowonas phaseo1 i  
var .  so iens is  .  (Average popu la t ion  on the  h i l l s  
fu r thes t  f rom the spreader  h i l l  In  the d ispersa l  
exper i  a ien t  1  n  1982.  )  
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Fig .  7 ,  Temperature  and ra in fa l l  over  dura t ion  o f  d ispersa l  
exper iment  In  1982.  ( Inocu la t ion  date  25 June 1982)  
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DISCUSSION 
The bac ter ia l  pus tu le  pathogen was ab le  to  overwin ter  in  
p lan t  debr is  and remain  v i ru len t  under  Midwestern  
env i ronmenta l  cond i t ions .  Fet t  (5 )  be l ieved tha t  p lan t  
debr is  was no t  a  good s i te  fo r  surv iva l  o f  Xps in  Braz i l  
because popu la t ions  decreased too  qu ick ly  in  the  decay ing 
debr is  to  be an e f fec t ive  source o f  inocu lum.  He suggested 
tha t  vo lunteer  p lan ts  in  the f ie lds  were a  be t te r  surv iva l  
s i te .  The decrease in  popu la t ions  in  the  debr is  dur ing  
March,  Apr i l  and May when the  so i l  was no t  f rozen suggests  
tha t  microb ia l  ac t iv i ty  does a f fec t  Xps surv iva l  in  the 
Midwest .  However ,  i n  Iowa,  la rge Xps popu la t ions  surv ived 
in  the c rop debr is  and wou ld  l i ke ly  be ava i lab le  as  a  
inocu lum source in  the  spr ing .  
Add i t iona l  ev idence fo r  surv iva l  o f  Xps in  p lan t  debr is  
i s  tha t  bac ter ia l  pus tu le  appeared in  f ie lds  prev ious ly  
p lan ted w i th  soybeans (more soybean debr is )  severa l  weeks 
ear l ie r  than in  f ie lds  p lanted the  prev ious  year  w i th  corn  
or  oa ts  ( low soybean debr is ) .  I t  is  apparent  tha t  c ropp ing 
h is tory  can p lay  an impor tant  ro le  in  bacter ia l  pus tu le  
deve lopment .  
Ep iphy t ic  or  res ident  (11)  popu la t ions  o f  Xps p lay  an 
impor tant  ro le  in  the bacter ia l  pus tu le  d isease cyc le .  
These popu la t ions  a l low the bac ter ia  to  surv ive  on the  p lan t  
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between p lan t ing  t ime In  May,  when the  pathogen es tab l ishes 
in  the  crop canopy,  un t i l  env i ronmenta l  cond i t ions  become 
favorab le  fo r  bac ter ia l  pus tu le  deve lopment  in  la te  June or  
Ju l  y .  
I t  was found tha t  ep iphy t ic  popu la t ions  o f  Xps can 
become es tab l ished on soybeans f rom both  seed and p lan t  
debr is  inocu lum sources.  However ,  the  exper iment  to  
determine the  re la t ive  impor tance o f  seedborne and c rop 
debr is  inocu lum sources ind ica ted tha t  when there  was a  
la rge amount  o f  in fec ted p lan t  debr is  present  on the  so i l  
sur face and enough mois ture ,  the  Inocu lum present  in  the  
c rop debr is  produced most  o f  the  pustu les .  The ep iphy t ic  
popu la t ion  o f  Xps deve lop ing f rom seedborne inocu lum can 
probab ly  p lay  an impor tant  ro le  as a  source o f  Inocu lum when 
there  i s  l i t t le  in fec ted p lan t  debr is  present  in  the  f ie ld  
or  when d ry  cond i t ions  ex is t .  Seed- t ransmiss ion o f  Xps i s  
probab ly  o f  l i t t le  impor tance w i th in  areas where  bac ter ia l  
pus tu le  i s  a l ready present  bu t  ;  sed- t ransmiss ion wou ld  be o f  
impor tance in  in t roduc ing the  d isease in to  new reg ions .  
When Xps i s  present  on seeds i t  appears  to  be a  pass ive  
contaminant  on the  ex ter io r  o f  the  seeds.  The seeds 
probab ly  become contaminated dur ing  th resh ing.  Qrogan and 
K imble  (7 )  repor ted tha t  Pseudomonas phaseo11 co l  a  a lso  i s  
most  commonly  t ransmi t ted  on bean seed as  a  pass ive  
contaminant  in  a s imi la r  way.  They cons idered ex terna l ly  
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contaminated seeds more impor tant  than in terna l ly  in fec ted 
seeds because cond i t ions  were  unfavorab le"  fo r  sys temic  
in fec t ions  o f  the  seeds in  the  seed produc ing reg ions .  Fet t  
(5 )  and Graham (6)  repor ted in terna l  in fec t ion  o f  soybean 
seeds by  Xps.  However ,  bo th  Braz i l  and South  Caro l ina ,  
where  the  research was conducted,  have more favorab le  
env i ronments  fo r  the  deve lopment  o f  bac ter ia l  pus tu le  
resu l t ing  in  more severe  d isease deve lopment .  Th is  may 
a l low Xps more oppor tun i ty  to  ga in  ent rance to  the  pods and 
seeds than i s  poss ib le  under  midwestern  d isease cond i t ions .  
The method o f  sur face s ter i l i za t ion  used in  th is  s tudy  (70% 
e thano l  fo r  15-30 sec)  tended to  separa te  the  seed coat  f rom 
the seed.  As a  resu l t  some in terna l  seedborne bac ter ia  may 
have been k i l led  and in terna l ly  in fec ted seeds may have been 
mi  ssed.  
Ep iphyt ic  popu la t ions  probab ly  do ac t  as  a  source o f  
inocu lum for  d ispersa l  between p lan ts  w i th in  the  f ie ld  and 
probab ly  fo r  the  f ie ld  to  f ie ld  movement  o f  the  pathogen.  
A i rborne Xps cou ld  a lso  p lay  an impor tant  ro le  in  movement  
o f  the  pathogen.  The la rge number  o f  bac ter ia  be ing 
depos i ted  onto  the  agar  p la tes  dur ing  both  wet  and dry  
per iods  wou ld  a lso  be depos i ted  onto  the  c rop canopy.  These 
bac ter ia  cou ld  be an impor tant  source o f  inocu lum for  
es tab l ishment  in  the crop canopy and d isease deve lopment .  
In  the  d ispersa l  exper iments ,  i t  was in te res t ing  tha t  
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Xps spread in  a l l  d i rec t ions  a t  the  same ra te  ra ther  than 
t rave l ing  fas ter  in  the d i rec t ion  o f  the  preva i l ing  winds.  
Walker  and Pate l  (16)  found tha t  P.  phaseo l ico la  d id  move 
long d is tances in  the d i rec t ion  o f  the  preva i l ing  winds.  
The d ispersa l  p lo ts  they  used were  much la rger  than dur  
p lo ts  and we may have on ly  been measur ing  shor t  d is tance 
movement  o f  Xps .  
Under  normal  f ie ld  cond i t ions  res is tant  p lan ts  remain  
symptomless .  As repor ted in  the prev ious  sec t ion ,  res is tant  
p lan ts  do become d iseased when inocu la ted,  a l though the  
les ions  produced are  reduced in  s ize  and number .  The 
combinat ion  o f  the  reduced in fec t ion  e f f i c iency  and smal le r  
ep iphy t ic  popu la t ions  (wh ich  probab ly  ac ts  as  the  loca l  
source o f  inocu lum on the  p lan t )  may ac t  together  to  keep 
res is tant  p lan ts  symptomless .  In  the  d ispersa l  exper iment  
there  were  20-  to  40- fo ld  more washab le  XpsRa bac ter ia  on 
the  suscept ib le  cu l t i vars  than the  res is tant  cu l t i vars .  In  
cont ras t  to  the  d ispersa l  exper iment ,  under  normal  f ie ld  
cond i t ions ,  a  heav i ly  d iseased source o f  inocu lum would  not  
be present  in  a so l id  f ie ld  o f  res is tant  p lan ts  and 
ep iphy t ic  popu la t ions  on the  res is tant  cu l t i vars  would  
l i ke ly  be even lower  than those found in  the d ispersa l  
exper iment .  Crosse (2)  and Erco lan i  (4 )  found tha t  
ep iphy t ic  popu la t ions  o f  P.  mors-prunorum were 30% smal le r  
on res is tant  cher ry  p lan ts  as  compared w i th  suscept ib le  
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p lants .  Daub and Hagedorn  (3 )  a lso  found lower  (1000 fo ld  
d i f fe rence)  ep iphy t ic  popu la t ions  on res is tant  bean p lan ts  
but  they  d id  not  f ind  a d i rec t  cor re la t ion  between P.  
svr inqae popu la t ions  and brown spot  d isease sever i ty .  
Some quest ions  can be ra ised about  the  method used to  
measure  the  ep iphy t ic  popu la t ions  o f  Xps in  the d ispersa l  
exper iment .  One quest ion  i s  I f  the  Xps popu la t ions  be ing 
measured were  coming f rom the  ins ide  o f  the  leaves,  f rom 
presymptomat ic  in fec t ions ,  or  f rom t rue  ep iphy t ic  
popu la t ions .  An area o f  fu ture  research shou ld  be to  
c r i t i ca l ly  eva luate  i f  the  lower  popu la t ions  o f  Xps on 
res is tant  p lan ts  are  due to  a  d i f fe rence in  ep iphyt ic  growth  
o f  Xps on  res is tant  and suscept ib le  p lan ts  or  a  d i f fe rence 
In  the number  o f  presymptomat ic  in fec t ions  in  the  p lan t .  
Other  researchers  have repor ted ep iphy t ic  growth  o f  p lan t  
pathogen ic  bac ter ia  on lea f  sur faces (10,  15)  and d i f fe rence 
in  ep iphyt ic  popu la t ions  between res is tant  and suscept ib le  
p lan ts  (2 ,  3 ) .  Th is  wou ld  suppor t  the  idea tha t  p lan t  
pathogen ic  bac ter ia  can reproduced ep iphy t ica l ly  ra ther  than 
coming f rom w i th in  the  lea f  f rom presymptomat ic  in fec t ions  
and d i f fe rences in  popu la t ions  cou ld  be due to  th is  
ep iphy t ic  growth .  
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SUMMARY AND DISCUSSION 
The f i rs t  t r i fo l ia te  leaves o f  res is tan t  and suscept ib le  
soybean p lan ts  were  inocu la ted w i th  Xanthomonas phaseo l1  
var .  so . iens i  s  (Xps) .  A t  a l l  inocu lum concent ra t ions ,  Xps 
popu la t ions  increased a t  s imi la r  ra tes  in  both  res is tant  and 
suscept ib le  leaves.  In  suscept ib le  leaves,  the  ra t io  
between in i t ia l  pathogen popu la t ion  and the  number  o f  
pus tu les  10 days  a f te r  inocu la t ion  was 1 .3 :1 .  In  res is tant  
leaves th is  ra t io  was approx imate ly  7 .7 :1 ,  Pustu les  on 
res is tant  p lan ts  were  30% smal le r  than those on suscept ib le  
p lan ts .  Res is tance was expressed as a  decrease in  the  
number  and s ize  o f  pus tu les  formed but  no t  as  a  decrease in  .  
pa thogen growth  w i th in  the  leaves.  S ince res is tant  p lan ts  
remain  d isease f ree  in  the  f ie ld  and Xps can mul t ip ly  as  
rap id ly  and to  the  same leve l  in  res is tant  and suscept ib le  
p lan ts ,  the  res is tance expressed appears  to  be a  un ique 
in terac t ion  o f  res is tant  p lan t  and p lan t  pathogen ic  
bac ter ium.  
D ispersa l  o f  a  r i fampin- res is tant  mutant  o f  Xps (XpsRa)  
was s tud ied in  a soybean canopy.  The pathogen was d ispersed 
equa l ly  in  a l l  d i rec t ions  and a t  the  same ra te  (0 .1  m per  
day)  in  p lo ts  o f  res is tant  and suscept ib le  soybeans.  
Popu la t ions  on res is tant  and suscept ib le  cu l t i vars  were  not  
s ign i f i cant ly  d i f fe rent  (P=0.05)  dur ing  the  f i rs t  20 days  
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af ter  inocu la t ion .  However ,  35  days  a f te r  inocu la t ion ,  when 
peak popu la t ions  were  de tec ted,  ex terna l  Xps popu la t ions  
were  40- fo ld  h igher  on symptomless  leaves o f  the  suscept ib le  
p lan ts .  A l l  res is tan t  p lan ts  remained d isease f ree  
throughout  the  season.  Depos i t ion  o f  a i rborne Xps on agar  
p la tes  a t  canopy he ight  was much g reater  30 mi  n  a f te r  a  
ra in fa l l  than under  d ry ,  sunny cond i t ions .  
Ep iphyt ic  popu la t ions  o f  XpsRa deve loped on both  
res is tant  and suscept ib le  seed l ings  f rom e i ther  ex terna l  o r  
in terna l  seedborne inocu lum.  On suscept ib le  p lan ts  tha t  
deve loped a  la rge popu la t ion  o f  XpsRa,  90% o f  the  pustu les  
conta ined XpsRa.  A lso ,  XpsRa was p resent  as  a  contaminant  
on seed harves ted f rom these h i l l s .  Seedborne inocu lum is  
probab ly  not  o f  g reat  impor tance in  the  midwest  because o f  
the  low percentage o f  the  seed contaminated and the  abundant  
inocu lum present  in  soybean c rop debr is .  
The pus tu le  pathogen was ab le  to  overwin ter  in  p lant  
debr is  under  Iowa env i ronmenta l  cond i t ions  e i ther  on the  
sur face or  bur ied  in  the  so i l .  The pathogen remained 
v i ru len t  th roughout  the  overwin ter ing  per iod .  
Ep iphyt ic  popu la t ions  do p lay  an impor tant  ro le  in  the 
ep idemio logy  o f  bac ter ia l  pus tu le .  The bac ter ia l  pathogen 
es tab l ishes an ep iphy t ic  popu la t ion  on the  p lan t  f rom seeds 
or  p lan t  debr is .  Th is  ep iphy t ic  popu la t ion  can surv ive ,  
spread f rom p lant  to  p lan t  and when cond i t ions  are  r igh t  
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cause d isease.  Ep iphyt ic  Xps popu la t ions  are  smal le r  on 
res is tant  than on suscept ib le  p lan ts .  Absence o f  bac ter ia l  
pus tu le  d isease symptoms on res is tant  p lan ts  i s  probab ly  due 
to  a combinat ion  o f  fac tors .  One fac tor  i s  tha t  ep iphy t ic  
popu la t ions  on res is tant  p lan ts  are  much smal le r .  These 
ep iphy t ic  popu la t ions  probab ly  p lay  an impor tant  ro le  as a  
loca l  inocu lum source on the  p lan t  fo r  d isease deve lopment .  
In  add i t ion  to  less  inocu lum present  on res is tant  p lan ts ,  
the  in fec t ion  e f f i c iency  o f  Xps i s  much lower  on res is tant  
p lan ts .  These two fac tors  work  together  to  great ly  lower  
the  e f fec t iveness o f  Xps on res is tant  p lan ts .  F ina l ly ,  the  
les ions  tha t  are  produced on res is tant  p lan ts  are  smal le r  
and may no t  be recogn ized as  bac ter ia l  pus tu le  les ions .  
Cont ro l  p rac t ices  tha t  cou ld  be recommended based on the  
resu l ts  o f  th is  s tudy  are  the  use o f  res is tan t  cu l t i vars ,  
c rop ro ta t ions  and bury ing  o f  c rop debr is .  The use o f  
an tagon is ts  or  chemica ls  to  reduce the  ep iphy t ic  popu la t ion  
o f  Xps might  be an area fo r  fu ture  research but  we can not  
recommend th is  now.  Incorpora t ion  o f  res is tance in to  
midwestern  cu l t i vars  probab ly  shou ld  be g iven l i t t le  
pr io r i ty  based on the  sporad ic  occur rence and ins ign i f i cant  
y ie ld  losses due to  bac ter ia l  pus tu le  in  the midwest .  
However ,  appearance o f  the  p lan ts  may be  an impor tant  fac tor  
and incorpora t ion  o f  res is tance shou ld  be cons idered.  
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APPENDIX A;  THE EFFECT OF BACTERIAL PUSTULE ON THE YIELD 
YIELD OF SOYBEANS IN IOWA 
The purpose o f  th is  s tudy  was to  determine the  e f fec t  o f  
bac ter ia l  pus tu le  d isease on the  y ie ld  o f  soybeans in  Iowa.  
The f ie ld  p lo ts  were  p lan ted a t  the  Cur t iss  Exper imenta l  
fa rm near  Ames,  Iowa.  P lo ts  cons is ted o f  four  4-meter  rows 
p lan ted 0 .76 meters  apar t .  The exper iment  was p lan ted in  a 
randomized comple te  b lock  des ign,  w i th  s ix  rep l ica t ions .  The 
two outer  rows o f  each p lo t  were  spreader  rows (cv .  Ca l  land)  
and the  two inner  rows were  e i ther  C lark  and L61-4180 (C lark  
and C lark+)  o r  Harosoy and L61-4094 (Harosoy and Harosoy+)  
(sp l i t  p lo ts ) .  C lark  and C lark+ and Harosoy and Harosoy+ 
are  near  i sogen ic  l ines  o f  soybeans tha t  d i f fe r  main ly  fo r  
res is tance to  bac ter ia l  pus tu le .  C lark+ and Harosoy+ 
(obta ined f rom Dr .  R.  L .  Bernard ,  Un i ted  Sta tes  Reg iona l  
Soybean Lab. ,  Urbana,  I l l ino is  61801)  have the  res is tance 
gene f rom the  var ie ty  CNS incorpora ted in to  them by  
backcross ing.  In  each b lock  ( rep l ica t ion) ,  there  were  four  
t rea tments  (Whole  p lo ts )  tha t  were  sprayed w i th  s t rep tomyc in  
(Merck ,  Rahway,  NJ 07065)  o r  unsprayed p lo ts .  
The spreader  rows were  inocu la ted on 26 June 1982 w i th  a  
suspens ion o f  Xps8 (1X10? CFU per  ml )  un t i l  d r ipp ing.  
On the  same day,  the  center  two rows o f  the  sprayed p lo ts  
were  sprayed w i th  200 '  ppm s t rep tomyc in  a t  a  ra te  o f  250 ml  
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per  row us ing a  hand he ld  sprayer .  D isease sever i ty  ra t ings  
were recorded fo r  the  two center  rows a t  two week In terva ls .  
At  the  same t ime s t rep tomyc in  was reapp l ied  to  the  sprayed 
p io ts .  
At  harves t  matur i ty ,  the  two center  rows were  cu t  and 
th reshed separa te ly  in  a s ta t ionary  p lo t  th resher .  
Fo l lowing dry ing  (20 C,  12*  mois ture)  seeds were  we ighed.  
Y ie ld  was expressed as  grams per  row.  
Resu l ts  o f  the  exper iment  a re  summar ized in  tab le  1 .  
D isease deve loped on the  Inocu la ted spreader  rows and la ter  
on the  suscept ib le  p lan ts  dur ing  the  growing season.  
D isease leve ls  reached - about  3% o f  the  lea f  area covered by  
bac ter ia l  pus tu le  les ions  but  l i t t le  or  no d isease deve loped 
on the  res is tant  l ines  (Tab le  1 ) .  The s t rep tomyc in  sprays  
reduced the  amount  o f  d isease to  about  0 .3% on the  
suscept ib le  p lan ts  but  d id  not  e l im inate  bac ter ia l  pus tu le .  
There  were  no s ign i f i cant  y ie ld  losses caused by  bac ter ia l  
pus tu le  in  the exper iment .  Th is  was t rue  when compar ing  
res is tant  and suscept ib le  cu l t i vars  or  sprayed and unsprayed 
rows (Tab le  1 ) .  
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Table  1 .  Percent  d isease,  y ie ld  and y ie ld  d i f fe rences o f  
res is tan t  and suscept ib le  l ines  in  the y ie ld  loss  
exper iment  
Treatment  Percent*  
01sease 
Y ie ld  b  
g / row 
% y ie ldC 
01f fe rence 
% y  1  e  1  d"  ^  
01 f fe rence 
Harosoy 3 .2  1037 -4% n .s .  -3% n .s .  
Harosoy+ 0 .0  1079 - -1% n .s .  
Harosoy sprayed 0 .3  1071 -3% n .s .  -
Harosoy+ sprayed 0 .0  1088 - -
Clark  3 .4  1135 +1% n .s .  +1% n .s .  
C lark+ 0 .0  1124 - +2X n .s .  
C lark  sprayed 0 .3  1127 +3X n .s .  -
Clark+ sprayed 0 .0  1099 - -
^Percent  d isease expressed as  the  percent  lea f  area 
covered w i th  bac ter ia l  pus tu le  les ions .  
' ^Y ie ld  in  grams per  4-meter  row.  
^Percent  y ie ld  d i f fe rence between suscept ib le  and 
res is tant  rows w i th in  sprayed or  unsprayed t rea tments .  
^Percent  y ie ld  d i f fe rence between sprayed and unsprayed 
rows.  
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APPENDIX B:  STATISTICAL ANALYSES 
Tab le  1 .  Regress ion ana lys is  o f  in fec t iv i ty  t i t ra t ions  (pg.  21)  us ing  S ta t is t i ca l  Ana lys is  System 
(SAS)  regress ion programs 
Cu l t i var  S lope In tercept  R 
(Suscept i  b le )  
BSR 301 0 .72 -2 .90 0 .38 
Oak iand 0 .69 -1 .70 0 .  77 
CI  a rk  0 .75 -1 .31 0 .  66 
(Res is tant )  
BSR 302 0 .06 C
O CO 0
 1 0.69 
Wi l l iams 0 .09 1 o
 
w
 
o
 
0.90 
C lark  63 0 .13 
o
 
m
 
o
 
t 0.  75 
Tab le  2 .  Analys is  o f  var iance o f  percent  d isease on h i l l s  
o f  suscept ib le  soybeans (cv .  BSR 301)  (pg .  45) .  
Xps inocu lum f rom seedborne inocu lum or  p lan t  
debr is  t rea tments  
Source d f  Mean square  F p>F 
Treatments  8  1 .10 3 .42 0 .6% 
B locks  4  0 .03 0 .33 14.6% 
Er ror  32 0 .31 
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Table  3 .  Ana lys is  o f  var iance o f  ep iphy t ic  Xps popu la t ions  
on pr imary  leaves o f  suscept ib le  soybean p lan ts  
(cv .  BSR 301)  f rom in terna l  or  ex terna l  seedborne 
inocu lum (pg.  45a)  us ing  two inocu lum leve ls  
(Checks not  inc luded)  
Source d f  Mean square  F p>F 
Treatment  6  1 .53 1 .53 45.6*  
B lock  3  0 .68 0 .75 79.6% 
Er ror  15 13.78 
Tab le  4 .  Ana lys is  o f  var iance o f  y ie ld  o f  Harosoy and 
Harosoy+ in  sprayed and unsprayed p lo ts  
in  the  y ie ld  loss  exper iment  (pg .  68)  
Source d f  Mean square  F p>F 
61 ock  5  6253.8  0 .75 40.3% 
T rea tment  3  3003.7  0 .  361 21.8% 
Er ror  15 8309.4  
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Table  5 .  Ana lys is  o f  var iance o f  y ie ld  o f  C lark  and C lark+ 
in  sprayed and unsprayed p lo ts  o f  the  y ie ld  loss  
exper iment  (pg .  68)  
Source d f  Mean square  F p>F 
81 ock  
Treatment  
Er ror  
5  
3  
15 
7173.5  
1476.0  
2348.5  
3 .05 4 .3% 
0 .628 39.2% 
